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TRANSFORMERS 

FUNDAMENTAL PRINCIPLES 

426. What is a transformer? 

An apparatus used for changing the voltage of alternating 
current. A transformer thus affords a means of raising the 
voltage of alternating-current generators for delivery to 
transmission lines, and of obtaining low-voltage current from 
high-voltage transmission lines. 

427. Why is it desirable to use high voltage on the 
transmission lines? 

It is advantageous to operate transmission circuits at high 
voltage because this saves expense in the construction of the 
circuits by permitting the use of small conductors. 

Suppose 10,000 kilowatts must be transmitted at 3000 volts 
over an alternating-current system the power factor of which 
is 80 per cent. With single-phase transmission, the current / 
equals the power in watts W divided by the voltage E times 

the power factor P, that is, / = irrr^, or substituting values, 

^ /\ " 
10,000,000 \^^„ 
'- ^ oc\f\(\ ^ i\QL(\ — ^^" ' amperes. To carry this current there 

would be required two cables in multiple, of about 2,500,000 
cm. each, on both sides of the transmission circuit, and for 
a line much over a quarter of a mile in length the cost of the 
copper conductors would be prohibitive. 

If, however, the voltage be raised to 60,000, or twenty 
times the above value, the line current will be one-twentieth, 
which is 4167 -r- 20 = 208 amperes. This current could be 
carried by a No. 00 wire on both sides of the transmission 
circuit. The saving in copper over a line of any appreciable 
length, due to the higher voltage, would therefore many times 

243 
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over pay for the necessary transformers and high-voltage line 
equipment. 

428. Why is it niecessary to use transformers to raise 
the voltage for transmission purposes? 

Because generators cannot be built to operate reliably at 
the high voltages required for long transmission lines. In 
order to keep the cost of very long lines within commercial 
limits the voltages are carried up as high as 60,000 volts, and 
generator armatures cannot yet be insulated to withstand any 
such pressure, or even 25,000 volts. 

429. Why must the high voltage on the transmission 
lines be changed into low- voltage current? 

Because the usual voltage on the transmission line is much 
too high for safe distribution to users of current ; hence trans- 
formers are interposed to obtain current at safe pressures. 

430. * Are designating names given to transformers to 
distinguish those that increase voltages from those that 
are used to decrease them? 

Yes; the former are called step-up transformers and the 
latter step-down transformers. Referring to Fig. 118, the 



Fig. 118. — Illustration of the Use of Transformers, the Figures given 
being based on No Loss in Line or Transformers, and Power Factor 1. 

step-up transformer b raises the voltage supplied to it by the 
alternator a for transmission over the line c e. The step- 
down transformer s lowers the line voltage for use in lamps, 
motors, etc., connected to the circuit m. 

431. Describe the general construction and the princi- 
ples of operation of a transformer. 

A transformer consists essentially of two windings so 
placed on a soft iron core that the inductive action of the 
one upon the other is very great. Taking, for example, the 
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transformer b, Fig. 118, one of the windings n is joined to 
the source of power and is called the primary winding. The 
alternating current flowing through this winding produces 
an alternating flux or flow of magnetic lines of force in the 
iron ring u, and these cutting the other winding r, which 
is called the secondary winding, induce in it an alternating 
electromotive force. 

432. Is there any fixed relation between the voltage ap- 
plied to the primary winding of a transformer and that 
induced in the secondary winding? 

Yes; the voltage induced in the secondary winding is 
always in direct proportion to that in the primary winding. 
If both primary and secondary windings are composed of 
the same number of turns of wire, the voltage induced in 
the secondary winding will be practically equal to that ap- 
plied to the primary winding. If, however, the secondary 
winding consists of one-half as many turns as are in the 
primary winding, the secondary voltage will be half that 
of the primary, and the transformer will be of the step- 
down type. If the secondary winding consists of twice as 
many turns as are in the primary winding, the secondary 
voltage will be twice that of the primary, and the transformer 
will be of the step-up type. In a step-down transformer 
of the ratio mentioned, the current in the secondary wind- 
ing will be approximately twice that in the primary, and in 
the step-up transformer of the ratio mentioned, the current 
in the secondary will be approximately one-half as great as 
that in the primary, providing in both cases the resistances 
of the primary and secondary circuits are equal. 

TRANSFORMER LOSSES 

433. Is there any loss in a transformer? 

Yes; there are losses due to three causes: the resistance 
of the windings, the opposition (called ** hysteresis ") that 
the iron in the core offers to the rapid changes in the mag- 
netism which the primary current produces in it, and the 
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I 

induction of eddy currents in the core in the same way that 
current is induced in the secondary winding. 

434. What means are taken to keep down the resistance 
loss in the windings? ^ ^ 

The length of wire per turn is made as small as possible 
and, as the resistance of the windings is increased by an 
increase in their temperature, special means are taken to 
provide ample radiation. Although in some transformers 
the heat developed is carried off by a natural draft, in many 
of them the coils and core are immersed in oil, the oil acting 
as a medium to conduct the heat from the coils to the sur- 
rounding case or tank. If there is sufficient space inside the 
case, the oil will circulate of itself, the cooler oil rising as it 
becomes more and more heated, and the hot oil on the top 
descending as it becomes cooled by contact with the inside 
surface of the case. The efficiency of the case for cooling 
the oil may be made greater by co'rrugating it, thereby in- 
creasing its radiating surface. 

In transformers of very large capacity artificial means are 
provided for cooling the oil. In some of these the heated oil 
is cooled by coming in contact with pipes through which cold 
water is circulated. In others, oil is forced through the 
cooling pipes, and in still others no oil is used, but ventila- 
tion and radiation of the heat are secured by forcing air 
through the coils and core. 

435. What means are taken to keep down the hysteresis 
loss? 

The core sheets are stamped from the softest iron obtain- 
able and are worked at a low degree of magnetization. 

436. What means are taken to keep dpwn the eddy 
current loss? 

The iron core is built up of very thin sheets of iron or steel, 
and these are insulated from each other by varnish or sheets 
of tissue paper, and are laid face to face at right angles to 
the path that the eddy currents tend to follow. 
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437- What means are taken to prevent the high-voltage 
current in one winding from breaking into the other 
winding? 

Very high-resistance insulating materials are used between 
the coils, such as oiled silk, oiled linen, mica, fiber or micanite. 
The wires forming the coils arc covered individually with 
several layers of cotton fiber. The oil used in transformers 
primarily for cooling them is also of advantage in preserv- 
ing the insulation from oxidation, and in automatically re- 
insulating the material in case it becomes punctured. 

438. Upon what is the efficiency of a transformer based? 

The efficiency of a transformer may be expressed in terms 
of its full-load operation or in terms of its all-day operation. 
The full-load efliciency of a transformer is the ratio be- 
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Fig. 119. — Efficiency Curves of a Transformer. 



tween the watts supplied ta the primary winding and those 
delivered by the secondary winding with a non-inductive 
load. In Fig, 119 at m is shown the full-load efficiency curve 
of a modern type of transformer. 

The all-day efficiency of a transformer is the average of its 
efficiencies throughout the range of load supplied by the 
transformer during 24 hours. An all-day efficiency curve is 
shown at n, Fig. 119. 
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439. With a constant primary voltage, does the sec- 
ondary voltage of a transformer remain constant under 
different load conditions? 

No; as the load on the secondary circuit is increased, the 
secondary voltage drops. The drop of secondary voltage 
between no load and full load expressed as a percentage of 
the secondary voltage at no load is called the regulation of 
the transformer ; its value should not exceed two per cent, for 
ordinary work. 

440. What causes the drop in secondary voltage as the 
load increases? 

The resistance of the windings. The greater the current 
passing through them the greater will be the voltage neces- 
sary to force that current through. This voltage is taken 
from the secondary voltage, leaving less pressure available for 
useful work outside. 



TRANSFORMER CONNECTIONS 

441. Is a transformer ever wound so that it can be 
connected to circuits of different voltages? 

Yes ; some transformers have two primary windings, which 
may be connected either in parallel or series so that the 
same transformer can be used either on a 1000-volt circuit 
or a 2000-volt circuit. In the former case the primary coils 
would be connected in parallel, and in the latter case in 
series. 

442. Are transformers ever connected in series or in 
parallel with each other? 

Very seldom in series, because there is no difficulty in 
building them for any voltage now employed, and the first 
cost is less than if two or more transformers were used in 
place of one. Transformers are often used in parallel so that 
each of them may be worked at full load and consequently at 
highest efficiency. 
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443. Must transformeris conform to any special require- 
ments in order to work well in parallel? 

Yes; they should be of similar design and size, their per- 
centage of regulation at full load must be the same and the 
secondary terminals connected together should have the same 
instantaneous polarities. 

444. How are the instantaneous polarities of the sec- 
ondary terminals of transformers ascertained? 

The actual polarities need not be ascertained. By tempo- 
rarily joining with a fusible wire two of the secondary ter- 



Primary Phase d 






Primary Ph^se b 




Secondary Phase B 



Fig. 120. — Connection of Transformers in a Two-Phase, Four- Wire 
System. 

minals of the transformers to be connected together, exciting 
the primary windings and bringing together the two remain- 
ing terminals; if the fusible wire melts it proves that the 
polarities of the terminals joined together were not the same, 
and that the connections should be reversed; whereas, if the 
wire does not melt, it shows that the polarities are the same 
and that the temporary connections may be made permanent. 

445. How many transformers are required in a two- 
phase four-wire system, and how are they connected? 

Two transformers are required, one in each phase, con- 
nected as shown in Fig. 120. Here a and A are the primary 
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and secondary windings, respectively, of one of the trans- 
formers, and h and B, respectively, the primary and sec- 
ondary windings of the other transformer. 

446. How many transformers are used for the two- 
phase three- wire system, and how are they connected? 

Two transformers are used as before, but as shown in Fig. 
121 they are connected somewhat differently. The primary 
windings of the two transformers are connected together and 
the common conductor m of the three-wire system runs to 
their junction. The secondary windings are connected to the 
secondary three-wire circuit in a similar manner. 
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Fig. 121. — Connection of Transformers in a Two-Phase, Three-Wire 
System. 

447. In Fig. 121, what is the relation between the sec- 
ondary voltage across the two outside wires and that be- 
tween either outside wire and the center wire? 

The voltage between the two outside wires is 1.414 times 
that between either outside wire and the center wire. 

448. How many transformers are required for the 
three-phase star-connected system, and how are they ar- 
ranged? 

Three transformers are used, connected up as indicated in 
Fig 122. Here a, 6 and c are the primary windings of the 
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three transformers, and A, B and C the corresponding sec- 
ondary windings. One of the terminals of each primary- 
winding is brought to a common connection and one of the 
terminals of each secondary winding is brought to another 
common connection; the three remaining terminals of the 




Fig. 122. — Connection of Transformers in a Three-Phase Star System. 

primary and secondary windings are connected respectively 
to the primary and the secondary circuit wires. 

449. How many transformers are required for the three- 
phase mesh system, and how are they connected? 

Three transformers are used, connected as shown at Fig. 
123. As before, a, b and c are the respective primary wind- 
ings of the three transformers, and A, B and C the respective 
secondary windings. Their connections to the primary and 
secondary circuits are obvious from the illustration. 

450. Has either the star or the mesh connection of trans- 
formers any material advantage over the other? 

The star connection has an advantage over the mesh con- 
nection that each primary transformer winding is subjected 
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to only 57.7 per cent, of the circuit voltage. For high-voltage 
transmission this feature of the star connection allows smaller 
transformers to be used than with the mesh connection, and 
the insulation has to withstand only 57.7 per cent, of the 
voltage ; the cost is therefore less. 

The mesh connection, on the other hand, has an advan- 
tage over the star connection where continuity 'of service 
is very necessary, because the disabling and removal of any 




Fig. 123. — Connection of Transformers in a Three-Phase Mesh System. 

one of the three transformers does not interrupt the three- 
phase distribution; even if two transformers are removed, 
reduced power may be transmitted single-phase fashion. 

451. Suppose three transformers, each with a ratio of 
transformation of 10 to i, are connected star- fashion on a 
three-phase looo-volt circuit, what voltages would be ob- 
tained from the secondary windings if they were connected 
mesh fashion? 

Since the secondary voltage would be 100 if both primary 
and secondary windings were connected up alike, and the 
ratio of mesh to star voltages at terminals is 0.577 to 1, the 
secondary voltages in the case mentioned will be but 57.7 
volts. 
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452. What secondary voltages would be obtained if the 
10 to I transformers were connected with their primaries 
in mesh to a 1000- volt circuit and their secondaries in star 
relation? 

There would be induced in each secondary winding 100 -r- 
0.577 = 173.3 volts. 

453. Can transformers be connected so as to deliver 
three-phase currents from a two-phase supply circuit, or 
vice versa? 

Yes ; if the windings of the transformers be designed with 
this point in view. Referring to Fig. 124, a and b represent 
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Fig. 124. — Connection of Transformers for obtaining Three-Phase 
Currents from a Two-Phase System. 

the primary windings of two transformers connected to a 
two-phase four-wire circuit for the purpose of converting it 
into a three-phase circuit of the same or different voltage. 
The secondary winding A of the one transformer is wound 
in two equal sections so that each of them gives one-half of 
the required voltage in the secondary circuit. The secondary 
winding B of the other transformer is wound so as to give 
0.866 times the required secondary voltage. At the three sec- 
ondary terminals c, d and e, three-phase currents are deliv- 
ered, and between any two of the three terminals the desired 
voltage exists. 

By simply reversing the conditions in Fig. 124, currents 
from a three-phase system can readily be converted into two- 
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phase currents and delivered to a four-wire system at any 
required voltage. 

TYPICAL MODERN FORMS 

454. How may the typical modern forms of transformers 
be classified? 

Into three tj'pes, according to the method employed for 
cooling them: namely, oil-cooled transformers, water-cooled 
transformers and air-tooled transformers. Air-cooled trans- 
formers employing a forced draft are called air-blaat trans- 
formers; otherwise, they are called self-cooled transformers. 

455. Illustrate and describe an oil-cooled transformer 
built for small loads. 

The oil*cooled transformer shown in Fig. 125, which is 
made by the General Electric Company in sizes ranging from 
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1 to 100 kilowatts inclusive, is presented as a common one 
of this type. The case or tank k is of cast iron and is pro- 
vided with a cover c. with gasket beneath to prevent the en- 
trance of dust and moisture. The cover is clamped down on 
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ihe ease by the eyebolts h and I, which also serve as a means 

pEor lifting the transformer. A screw plug p placed in a 

Capped hole at the lowest point of the case facilitates the 

[rawing off of the oil inside ; the primary leads are those at 



I 




Fig. 126.— Working Parts of Tram 



^Ka and c, and the secondary leads are shown at d, these latter 

^Vbeing the terminals of two secondary eoils which when joined 

■Till parallel enable 110 volts to be obtained from 2200 volts 

across the primary leads, and when connected in series enable 

220 volts to be obtained from the 2200 volts on the primary. 

This transformer gives therefore a ratio of 20 : 1 or 10 : 1 

Recording to the manner of connecting the secondary 

[uinals. 
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The working parts, removed from the case, are shown in 
Fig. 126, and this illustration taken in connection with the 
plan of the core and windings in Fig. 127 should make plain 
the construction. The core is built up of sheet steel punch- 
ings so as to form four magnetic circuits of equal reluctance, 
in multiple, and are interlocked as shown to form a central 




Fig. 127. — Plan of Core and Windings of Transformer in Fig. 126. 



leg upon which the winding is placed. This construction 
gives a short mean length of turn in the winding as well as 
a short length of magnetic circuit in the core, r^ulting in 
low copper and core losses, high efficiency and good regula- 
tion. Free access is also afforded the oil to the parts of the 
coil and core. When the working parts are placed in the case, 
oil is poured in until it rises to a point m on the leads. 
Fig. 126. 

456. Is it advisable to make a ground connection to the 
secondary windings of the transformer? 

Qrounding the secondaries of transformers has been ap- 
proved by the American Institute of Electrical Engineers 
and the National Electric Light Association. The National 
Board of Fire Underwriters has incorporated in the Na- 
tional Electric Code rules covering this subject. To insure 
good service with a grounded secondary, superior insulation 
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between the primary and secondary is necessary, for the 
reason that, under these conditions only one ground, that is, 
one on the primary, is sufficient to put a strain of the full 
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lif^g. 128.— Oiiroolpt! Tran.'.formiT fnr hoads up to 500 Kilowatts. 

potential of the primary circuit on the insulation between 
primary and secondary coils, whereas ordinarily it requires 
an accidental ground on both primary and secondary. The 
grounding of the secondary is advisable, for then it is impos- 
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Bible to obtain a difference of potential between the house 
wiring and the ground greater than the 110 or 220 volts of 
the lamp circuit. If a mica shield is used between the pri- 
mary and secondary windings of the transformer, it makes 
the approved method of grounding perfectly safe. 

457, Illustrate and describe an oil-cooled transformer 
built for heavier loads than 100 kilowatts. 

Referring to Fig. 12t^. wliicli .shows a General Electric 
oil-cooled transformer built for loads up to about 500 kilo- 
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Fig. 129.— Inside Top Construction of Transformer in Fig. 128. 

watts, the tank is made of sheet steel, corrugated as shown 
at a to increase the radiating surface without adding to the 
floor space or height. The ends of the tank are cast to a depth 
of one inch into a cast iron base 6 and rim m, resulting in a 
strong and oil-tight joint so that the tank is available for both 
indoor and outdoor service. 

The oil outlet or drain d is a part of the base easting and 
is flush with the bottom of the tank, making it possible to 
drain off the oil completely. There are two large openings 



J 



I in the cover, one for the high-tension leads h and I, and the 
other for the low-tension leads n and v, all of the leads being 
supported by bushings. The connection of the leads with 
the coils, and the construction of the latter and the core are 
shown in Fig. 129 for a 45,000-volt transformer. Both pri- 
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Fig. 130.— Water-Cooled Transformer nitli Oval Tank. 

mary and secondary coils are wound on cylindrical forma, 
which are removed when the winding is completed, the coils 
baked and thoroughly in.sulated with tape, and then assem- 
bled on the core as shown in the illustration. All oil-cooled 
transformers over 100 kilowatts for indoor service are pro- 
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vided with mercury thermometers, as shown at t in Fig. 

to indicate the temperature of the oil at the top of the 

transformer. 

458. Show a water-cooled transformer and describe its 
construction. 

The construction of water-cooled transformers is, in me- 
chanical and electrical details, similar to the oil-cooled de- 
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1 Fig. 130, aiiowing Location of 

sign, the only difference being in the tank and the cooling coil, 
The tank of a 3000-kiIowatt, 140,000-volt transformer is 
shown in Fig. 130. It is built of heavy boiler plate iron, 
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riveted to a cast iron base, and has an ontlet pipe at o for 
draining out the oil. 

The heat generated by losses in the tranaformer is dis- 
posed of by means of the circulation of water through coils 
of pipe placed in the hottest part of the oil. The location 
of the cooling eoil is shown at c, Fig. 131; which illustrates 
the interior parts of the transformer in Fig. 130. So effective 
is the cooling coil that very little heat is dissipated from the 
tank and consequently -there is no need of its being corru- 
gated. The terminals a of the cooling pipe are connected 
respectively with the water supply and a drain, and during 
the operation of the transformer the water is supposed to 
be turned on. 




Transformer. 



459. Illustrate and describe an air-blast transformer. 
A Westinghouse transformer of this type is shown in Fig. 
It is designed for 550-kilowatt service with 13,200 
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volts on the high-tension leads and 395 volts on the low- 
tension leads, both these leads emerging from the bottom. 
Air-blast transformers are cooled by a forced blast of air 




—Longitudinal Section of Air-Blast Transformer, showing 



delivered by a blower. One electrically driven blower usu- 
ally supplies all of the transformers in a station, although it 
. is well to provide a duplicate blower equipment for emergen- 
cies. The transformers are generally placed above an air 
chamber in which a pressure is maintained slightly above 
that of the surrounding air, and the blower may deliver air 




TRANSFORMERS 

directly into this chamber, or, if it is more convenient, the 
blower can be located at a distance from the transformers, 
feeding into a conduit which leads to the air chamber. 

The core and the coils are separately cooled, as shown in 
Fig. 133. The air for cooling the coils passes np through 




Fig. 134.— Sh'iis ill till' ]iinkling of a Coil for iiii Air-IilaBt Trana- 

Ithe transformer between the coils, which are held apart by 
^Apaeing strips, and discharges through an opening at the 
I of the transformer. This opening is provided with a 
tdamper for regulating the amount of air passing through 
I the coils. The air for cooling the core passes from the lower 
r housing through a damper at one side of the transformer, 
and then divides; a part going horizontally through venti- 
lating ducts spaced at frequent intervals in the core while the 
remainder circulates around the outside of the core and 
1, joins the first stream at the outlet. 

The blower for use with air-blast transformers should be 

Eielected to suit the transformer capacity, and to deliver 

Ka large volume of air at a low pressure, usually from ^ to 1 

, depending oq the size of the transformer. The blower 
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is usually direet-conuected to either an induction motor or 
a direct-current motor, but it can be driven by other 



Both the high-tension and the low-tension coils of this trans- 
former consist of thin flat coils. The high-tension coils are 
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Fig. 



usually wound with a flat capper ribbon, one turn per layer, 
These layers arc separated from each other by a continuous 
strip of insulation, in addition to the cotton covering on the 
ribbon. The low-tension coils are wound and insulated in 
a similar manner to the high-tension coils. The conductors 
are of square or rectangular cross -section, and are wound 
flat, as shown in Fig. 134 at A. For heavy currents, two or 
more coils are bound together and connected in parallel, as 
at B, after which they are conipletely insulated together, as 
shown at C. 

Tuminf, now, to Fig. 135, the high-tension and low-tension 
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coils, that is, the primary and secondary coils, are assembled 
together at r and the partly built-up core is shown at mn. 
The core is composed of thin sheet steel punchings laid on 
each other so as to form a nearly solid mass s, etc., and at 
regular intervals are separated by spacing blocks to provide 
ducts c, etc., through which the air blast is enabled to pene- 
trate the interior of the core and insure a uniformly cool 
operation. The usual practice is to locate the high-tension 
terminals at the top and the low-tension terminals at the 
bottom of the transformer, although in the present case both 
are at the bottom, as previously noted. 

460. For what purposes are self-cooled transformers 
mostly used? 

For use in connection with electrical measuring instru- 
ments and other purposes requiring a comparatively small 
current. Self -cooled transformers are those in which the sur- 
rounding air is the direct means of absorbing the heat. They 
may be either potential transformers or current trans- 
formers. 

461. Show a potential transformer and state the usual 
capacities in which it is used with electrical measuring 
instruments. 

A potential transformer made by the Wagner Electric 
Manufacturing Company is shown in Fig. 136. It has two 
primary and four secondary leads, and a capacity of 25 watts. 
The primary leads are connected across the circuit in which 
the measurements are required, and the secondary leads are 
joined either in series or multiple with the meter. For volt- 
meter use, a capacity of 25 watts is sufficient ; for power-factor 
indicator and voltmeter, 50 watts; for indicating or inte- 
grating wattmeter, 50 watts; for voltmeter, indicating and 
integrating wattmeter and power-factor indicator, 100 watts. 
These self-cooled potential transformers are wound for pri- 
mary voltages of 220, 440, 1100 and 2200, and a secondary 
voltage of 110. 
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462. Illustrate and describe a current transformer, 

A current transformer, sometimes called a scries trans- 
former because connected in series with the circuit from 
which the transformation is desired, is shown in Fig. 137. 
Its function is to transform the current rather than the 
voltage. 

In this Wagner transformer the primary, denoted by d, is 
merely a straight conductor thoroughly insulated and con- 




Fig. 136.— .Solt-Conlwl Potential Transformer. 

nected in the main circuit by means of the terminals a and c. ' 
The secondary winding encircles d in the ease m and its 
leads are shown at s. 

463. Is there any special form o£ transformer other than 
those described, which is met with in practice? 

There is a constant-current transformer used to obtain 
an approximately constant direct-current for arc lamps in 
series connection. This is an air-cooled transformer, but is 
used in conjunction with a mercury arc rectifier for chang- 
ing the alternating current into direct current, an exciting 
transformer for supplying a low-potential current to estab- 
lish an arc in the rectifier in order to start it, and a direct- 
current reactance which is connected in series with the lamp 
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I load to reduce the pulsations of the current for the lamps, 
f The entire outfit, made by the General Electric Company, is 
I shown in Fig. 138. It is there shown, with enclosing iron 
I ease removed, in the 50-!ight size, 2200-volt primaries and 
I 4-ampere secondaries. 

Referring to the constant- cur rent transformer, its primary 
I coils are shown at c and are stationary. The secondary coils 
I a are movahle np and down upon the iron core d. their weight 




I 



Fig, 1.^7.— Self-C 

being partially counterbalanced by the iron block w, to which 
ley are connected by means of ropes m, etc., and the rocker 
arms at n. At normal full-ioad current the movahle coils lie 
in contact with the stationary coils, notwithstanding the 
magnetic repulsion between them. When, however, one or 
more of the lamps are out of the circuit, the increasing cur- 
rent increases the repulsion between the coils, and separates 
them, reducing the current to normal. At minimum load, 
the distance between the coils is maximum. The regulation 
is thus entirely automatic, and maintains a practically con- 
stant current. 
The exciting transformer which supplies a low potential 
ir starting the rectifier is located at p. This establishes 
are when the rectifier tube is shaken, which is necessary to 
it operating on the alternating current to change it to 
it current. The rectifier tube consists of an exhausted 
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glass vessel containing a positive terminal ia each of two 
upper arms, and a negative terminal of mereury at the bot- 
tom; it is submerged in oil. whieh is water-eooled in the tank 
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Fig. 13H. — Constant- Current Transformer Oiilfit for Arc-Lanip Circuit, 

ft. The direct -current reactance is shown at t. The pri- 
mary terminals for couneetion with a single-phase alternator 
may be seen at s, indicating lamps whieh are placed in series 
witb the lamp load are shown at I and lightning arresters are 
provided at r. 
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MEASUREMENT OF RESISTANCE 

464. Is there more than one method of measuring re- 
sistance ? 

Yes; a different method must be used for measuring a low 

■ 

resistance from that which would be employed for measuring 
a high resistance if accurate results are to be obtained. 

465. What is the usual method of measuring a very low 
resistance? 

When the resistance to be measured does not exceed two 
or three ohms, the slide-wire bridge method is used. 

466. Describe the slide-wire bridge. 

The bridge itself, Fig. 139, consists of three heavy copper 
strips A, C and D, mounted on a board. Between the strips 
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Fig. 139 



. — Connections of Sli 



Slide- Wire Bridge. 



A and D is stretched a wire, usually of German silver, which 
is chosen on account of its high resistance. This wire is 
soldered firmly to the strips A and Z>. Below the wire is 
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mounted a scale divided into 1000 equal parts. A slider B 
is arranged to move parallel to the wire, and has a contact 
piece or brush, which presses upon the wire. On the slider 
is fastened a pointer for indicating its position on the scale. 
The ends of the copper strips are provided with binding- 
posts for the purpose of connecting in the known and un- 
known resistances. 

467. How is the slide-wire bridge connected for testing 
purposes? 

The strips A and Z> are connected to a battery 6, and a 
low-resistance galvanometer g is connected between the strip 
C and the slider. In the diagram, V and g' represent keys, 
the former for opening and closing the battery circuit, and 
the latter for opening and closing the galvanometer circuit; 
X represents the resistance to be measured, and r a known 
resistance of the same general order as x, that is, if x is ap- 
proximately 2 ohms resistance, r should be about that value. 

468. Describe the method of operating the bridge. 
Close the keys V and g\ and see if the galvanometer needle 

is deflected ; if so, this denotes an unbalanced condition in the 
resistances of the bridge. Move the slider B along the wire — 
thereby adding the resistance of the wire to one resistance 
and subtracting it from the other — until a balance is ob- 
tained, that is, until the points B and C are at the same 
potential. When this occurs, there will, of course, be no 
deflection in the galvanometer upon closing the keys V and g'. 
The battery key should be closed a few seconds before clos- 
ing the key in the galvanometer circuit, so that the current 
may become steady before the galvanometer is put into 
circuit. 

Then, as the resistance of the slide wire is uniform, the 
value of Xy the unknown resistance, can be obtained at once 
from that of the known resistance and the scale reading, by 

means of the formula 

a 
a; = ^ X r. 
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In this formula, a and d are the distances from the pointer 
on the slider to the ends of the scale, respectively, and r is 
the known resistance in ohms. Strictly speaking, a and d in 
the formula represent the resistances of the two divisions of 
the wire, but as the resistance of the wire is uniform, the 
ratio of the resistances equals the ratio of the lengths. 

469. Give an example of the application of the formula 
in Answer 468. 

Suppose that with a standard 1-ohm resistance at r a bal- 
ance is obtained when the slide is in such a position that a = 

650 and d = 350. Substituting in the formula the values of 
a, d and r, 

X = -^r^TT X 1 = 1.857 ohms. 
The value of the unknown resistance is, therefore, 1.857 ohms. 

470. Are any special precautions necessary to obtain 
very accurate results with the slide- wire bridge? 

Yes ; in order to obtain the most accurate results it is neces- 
sary to correct, in part, for contact resistance at the ends 
of the German silver wire. To accomplish this the known 
and unknown resistance should be interchanged, and a sec- 
ond measurement taken. Taking the average of the two val- 
ues found for x will tend to neutralize any error due to the 
above cause. 

The resistances x and r should also be placed so that the 
current flowing through them will not affect the galvanometer 
inductively. This may be tested for by disconnecting the 
galvanometer leads and making and breaking the current 
through the rest of the apparatus ; if there is no deflection of 
the galvanometer needle under these conditions, there is no 
inductive effect. 

In order to secure good contacts, the wires should be scraped 
before a connection is made, and the binding-posts should be 
occasionally cleaned. 
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471. Describe the constructioD of the galvanmieter re- 
ferred to in connection with the slide-wire bridge. 

One of the common forms of galvanometers osed is shown 
in Fig. 140. It is called a D'Arsonval reflecting galvanometer 




Fig. 140. — D'ArsoDTsl Galvanometer. 



f D'Arson- 



and comprises a permanent magnet a, which is made up of 
fourteen smaller magnets bolted together, one on top of the 
other, their like poles being adjacent. The whole is mounted 
on a tripod stand b, provided with leveling screws ; c c' is a 
hollow brass tube, in which the movable part is suspended; 



ELECTRICAL MEASUREMENTS AND INSTRUMENTS 273 

d is an opening in the tube, covered with glass, through 
which the mirror e attached to the movable part can be seen. 
This tube is bolted to the magnets a. The binding-posts are 
shown at / and /'. 

Fig. 140-A shows the movable part and the method of sus- 
pending it. A coil of wire at Ji, consisting of a number of 
turns of phosphor-bronze wire, is suspended from the top of a 
semi-circular brass tube k by the phosphor-bronze wire g. 
The coil is held at the bottom by the phosphor-bronze spring i. 
Current comes in through the spring i, passes through the 
coil to g, and thence out by the semi-circular tube k. At j 
is shown a spring which serves to clamp the coil and hold it 
tight, so as to prevent injury when the instrument is not in 
use. The mirror is shown at e, and the brass tube inclosing 
the movable part is shown at c c; the latter is simply a back 
view of c d in Fig. 140. 

472. Explain the principle upon which the D'Arsonval 
galvanometer operates. 

If a current \^ passed through a wire coil suspended free 
to swing in a magnetic field, the coil will rotate through a 
certain angle, the magnitude of which depends upon the 
strength of the magnetic field, the number of turns in the 
coil and the strength of the current passing through it. The 
strength of the field and the number of turns in the coil 
being constant, the magnitude of the angle through which 
the coil is deflected is a measure of the current passing 
through it. 

473. How is the angle of deflection ascertained? 

In order that the deflections of the galvanometer coil may 
be accurately observed, a telescope and scale are necessary. 
These are mounted with respect to the galvanometer mirror 
as shown in the diagrammatic plan, Fig. 141, where m is 
the mirror, d the telescope and s a scale which is graduated 
by vertical lines about 1/16 of an inch apart. The gradua- 
tions are numbered from zero up, the zero point being at 
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the middle of the scale and the numbers increasing regularly 
on either side toward the ends. 

When the mirror is not deflected it occupies the position 
shown, and the telescope, being mounted directly above the 
center of the scale, as shown in Fig. 142, must be inclined 




Fig. 141. — ^Diagram of Galvanometor Mirror, Telescope and Scale. 



slightly downward so that the reflected center line of the 
scale will be seen through the telescope in line with a fine 
wire stretched vertically across its center. If the mirror be 
deflected to the position a by a passage of current through 
the galvanometer coils, the reflected line of the scale at u 
will coincide with the center cross-wire of the telescope, while 
if the mirror be deflected to the position 6, the reflected line 
of the scale at v will coincide with the center cross-wire. If 
the center cross-wire of the telescope coincides with the zero 
of the scale when no current is flowing, then when current 
is flowing, the reflected line of the scale as seen in line with 
the center cross-wire of the telescope is a measure of the 
current producing the deflection. 

474. What precautions should be observed in mounting 
the galvanometer? 

The galvanometer must rest on a support unaffected by 
vibrations ; the scale must likewise have a stable support, but 
it need not be as rigid as that provided for the galvanometer. 
Owing to the movable coil in the D'Arsonval galvanometer 
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I being deflected only by a current passing through if and not 
1^ fluctuations in a magnetic field in which it may be placed, 
the galvanometer can he used in the vicinity of dynamos and 
motors without being affected by them. The coil, being held 
top and bottom, is not as sensitive to mechanical jars as in 
^L aome other types of galvanometers. 




142. — TeleBCOpe, Stand and Scale need with Reflecting Galvanom- 



The instrument when placed in its desired position should 
be turned until the plane of its coil is in the North and 
South magnetic meridian. A compass placed beside the 
galvanometer will determine this position. The glass-covered 
I opening d should be turned squarely to the front, and the 
istrument leveled by using spirit levels. The object in level- 
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ing the galvanometer is not to get the instrument vertical, 
but to allow the needle to swing freely. 

475. What is the proper way to mount the scale? 

The scale should be placed three feet from the mirror and 
should also be set in line with the North and South magnetic 
meridian. 

The zero point of the scale, the center of the mirror and 
the wire in the telescope must all be in the same vertical plane. 
The telescope or scale should be raised or lowered until the 
reflection from the galvanometer mirror falls so as to be 
neither too high nor too low. If it be necessary to turn the 
mirror slightly in order that the reflected center line of the 
scale coincides with the center cross-wire in the telescope, 
this may be done by turning the suspension nut at the top 
of the galvanometer a trifle to the right or left. The tele- 
scope should finally be focused so that the scale and cross- 
wire are clear and distinct, after which the galvanometer is 
ready to be connected in circuit and utilized. 

476. Is any adjustment of the galvanometer necessary? 
Yes ; it is sometimes necessary to vary the sensibility of the 

galvanometer for different currents so that the deflections 
will be of the proper magnitude to be recorded on the scale, 
and for this purpose shunts are employed. Galvanometer 
shunts are made up in various ways, but the usual arrange- 
ment is to h^ve three coils: one a resistance of 1/9, one a 
resistance of 1/99 and one a resistance of 1/999 that of the 
galvanometer. If 1/10 of the main current must pass through 
the galvanometer to secure a convenient deflection, the shunt 
having 1/9 the resistance of the galvanometer is connected 
across its terminals ; for 1/100 of the main current, the 1/99 
shunt ; and for 1/1000, the 1/999 shunt. 

477. What is the usual method of measuring resistances 
above two or three ohms? 

For measuring resistance above two or three ohms, the 
Wheatstone bridge is used. 
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478. Explain the principle of the Wheatstone bridge. 

The Wheatstone bridge consists of an arrangement of re- 
sistances, represented in Fig. 143, at a, b, r and x; the first 
three of these have known values, and the fourth one, x, is 
the resistance to be measured. A battery E and a galvanome- 
ter G are connected as shown, and by adjusting the three 




Fig. 143. — Diagram of Wheatstone Bridge. 

known resistances so that no current flows through the gal- 
vanometer, the value of the unknown resistance can be calcu- 
lated by simple proportion from the known values of the 
other resistances. 

479. What conditions must exist in order that there be 
no current flowing through the galvanometer G, Fig. 143? 

The junction points B and C must be at the same potential. 

480. Explain in detail what occurs when the junctions 
B and C are, and are not, at the same potential. 

Current from the battery E on arriving at the point A 
will divide and some will travel through the resistance a to 
the point B, and the rest will travel through the resistance 
X to the point C, If the points B and C were not connected 
through the galvanometer, all the current arriving at B would 
pass to the point D through the resistance b, and all the 
current arriving at the point C would find its way to the 
point D through the resistance r. The current, in this case, 
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would divide in the two branches in inverse ratio to the re- 
sistances of the two paths a + 6 and X'\-r. That is to say, 
if the resistance oi a-\-h was twice as large as that of x + r, 
twice as much current would flow through the path x-\-r 
as in the path a-\-'b. 

With the galvanometer G connected as shown, another con- 
dition prevails. If the points B and C are at the same po- 
tential, no current will flow through the galvanometer. If, 
on the other hand, these two points are of unequal potentials, 
a current will flow through the galvanometer from the point 
of higher to the point of lower pressure, causing a deflec- 
tion of the needle of the galvanometer. 

By Ohm's law, the current in any part is equal to the dif- 
ference of potential divided by the resistance, and when there 
is no current flowing through the galvanometer, the current 
in 6 is equal to that in a; hence 

the fall of potential in a __ the fall of potential in i 
the resistance of a "" the resistance of h 

or 

the fall of potential in a _ the resistance of a 
the fall of potential in b ~ the resistance of b 

Similarly in the other branch, the current in r is the same 
as in X, and hence 

the fall of potential in x _ the resistance of x 
the fall of potential in r ~~ the resistance of r 

Since B and C are at the same potential, the fall of poten- 
tial in a is equal to the fall of potential in x, and the fall of 
potential in b is equal to the fall of potential in r. Hence, 
as the first members of the last two equations are equal, 
numerator to numerator and denominator to denominator, the 
second members are therefore equal, that is, 

ax a 

b r b 

So, with the condition of ** balance " just mentioned, and 
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the values of a, b and r known, the value of x can be calculated 
easily. 

481. What precaution is necessary in the arrangement 
of the parts of the Wheatstone bridge to insure accuracy? 
Greater sensitiveness is secured by having the galvanometer 




Fig. 144. — Wheatstone Bridge Connections for Maximum Sensitiveness. 

connections reach from the junction of the higher two re- 
sistances to the junction of the lower two; in other words, 
by interchanging the positions of the battery and galvanome- 
ter so that they are connected as indicated in Fig. 144. 

482. Does this change affect the proportion between 
the four resistances, given in Answer 480 as being neces- 
sary to obtain a measurement? 



a 



No; the proportion remains the same, and x^-z--r, 
before. 



as 



483. Have the resistances a, b, x and r any special names 
in connection with the Wheatstone bridge? 

Yes; a and b are known as the '* ratio arms ''; a; is the 
** unknown resistance arm," and r is the '* rheostat arm." 

484. Describe a form of Wheatstone bridge in use. 

A typical portable form of this bridge is shown in Fig. 145. 
Two rows of resistance coils at d and d' form the rheostat 
arm, and the row of coils at e constitutes the ratio arms, this 



row being divided into two parts for the arm a and the arm h, 
respectively. 

The resistance coils cannot be seen in Fig. 145 ; only the 
brass bloelis to which they are connected are visible. The 




Fig. 145.— Portable WlieatBtone Bridge. 

coils are of silk insulated wire wound non-inductively on 
spools: that is, the wire is first doubled, the closed end is 
placed on the spool and the wire wound double over it and 
around the spool. Any electromagnetic action in one half ia 
then neutralized by a similar equal action in tlie other half, 
so there is no inductive effect when the circuit is opened 
or closed. 

The box a contains, besides the resistance coils, the gal- 
vanometer A, and the battery. Four terminals from the bat- 
tery can be seen at /, f, /" and /"', and connection with the 
battery is made at the binding posts m and m' by means of 
the flexible cords k and ft' and connectors I and V attached 
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to these cords. The binding posts to which the unknown 
resistance is fastened are denoted by g and g'. 

485. Why are four battery terminals used? 

In order to obtain different battery strengths, according 
to the nature of the test. For measuring very high resist- 
ances more voltage is required than, for measuring moderate 
resistances. The use of several cells of battery connected to 
corresponding terminals enables the operator to grade the 
test voltage according to the natura of the work. 

486. Show the actual circuits of the apparatus illustrated 
in Fig. 145. 

Fig. 146 is a plan view of the bridge with all connections 
indicated. The rheostat arm of the bridge is in two rows 




Fig. 148. — Plan View of Portable Wlicatatone 



r and r', each containing eight coils. Those in the row r have 
resistances of 1, 2, 2, 5, 10, 20, 20 and 50 ohms, respectively, 
and those in the row r are of 100, 200, 200, 500, 1000, 2000, 
2000 and 5000 ohms resistance. The resistance coils of the 
first group are represented at 0. The numbers at the holes 
into which the short-circuiting plugs are inserted correspond 
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to the resistance in ohms of the coils connected to the brass 
blocks. When a plug is withdrawn from a hole, a resistance 
equal in ohms to the number at the hole is inserted in the 
rheostat arm, and the total resistance in the rheostat is 
always equal to the sum of the numbers at the unplugged 
holes. 

The ratio arms are shown at a and 6, the former being 
made up of three coils, of 1, 10 and 100 ohms respectively; 
the other, arm is composed of three resistance coils of 10, 
100 and 1000 ohms, respectively. The two arms are con- 
nected together by means of four metal blocks, A, B, B and 
X. By inserting two plugs, one at H and the other at H', 
the two arms a and 6 can be connected together. By taking 
out these two plugs and inserting them in L and L\ the rela- 
tive position of the bridge arms can be reversed. 

Two keys shown at j and i, both in Fig. 145 and in Fig. 
146, are used, the former to open and close the battery cir- 
cuit and the latter to open and close the galvanometer circuit. 
Two of the battery terminals are shown at /' and /", the flexi- 
ble cords at k and k' and the connectors at I and l\ 

487. Describe the method of using the Wheatstone 
bridge. 

The resistance x to be measured is connected to the binding- 
posts g and g\. Plugs are inserted in H and n\ and the bat- 
tery connected by means of the flexible cords k and k'. 
Suppose 100 ohms be unplugged in one of the ratio arms, 
and 10 ohms in the other; also that a certain resistance be 
inserted in the rheostat arm. 

If, now, upon pressing both the battery and galvanometer 
keys j and i, the galvanometer needle 7i is deflected toward 
the side marked +, there is too much resistance in the 
rheostat, and plugs must be inserted until, upon closing the 
keys j and i, the needle h remains at 0. The bridge is then 
said to be balanced. When this condition is obtained, the 
sum of all the resistances unplugged in the rheostat arm 
multiplied by the ratio of the sum of the resistances un- 
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plugged in the a side of the ratio arm to that unplugged in 
the b side, equals the unknown resistance x. 

If on first closing the keys j and i, the needle h swings to- 
ward the side marked — , it indicates that there is not enough 
resistance in the rheostat arm, and that more coils must be 
unplugged to get a balance. 

488. What would be the unknown resistance x, if a bal- 
ance was obtained with the Wheatstone bridge in the exact 
condition shown in Fig. 146? 

The shaded circles represent the holes into which plugs 
have been inserted, and the coils therefore cut out, while 
the circles shown white indicate the coils that are in circuit. 

It is evident, then, that a = 100, b = 10, while r = 1 + 
2 + 50 + 100 + 1000 = 1153 ohms. Therefore, according to 
the formula 

x = -zi-r, x = -zrpr X 1153 = 11,530 ohms. 
6 10 

489. What would have been the resistance x, if the con- 
ditions remained the same, with the exception that the 
plugs were taken out of H and H', and inserted in L 
and L'? 

The positions of the ratio arms would be reversed, so that 
the values would be as follows : a = 10, & = 100 and r = 1153. 
Substituting these values in the formula, the result would be 
115.3 ohms. 

490. What are the limiting values of x possible to meas- 
ure on the Wheatstone bridge in Fig. 146? 

The lowest value is a; = j^r^ X 1 = 0.001 ohm. 

The highest value i&x = -^ X 11,110 = 11,100,000 ohms. 

491. Mention any precautions that should be observed 
in using the Wheatstone bridge. 

The ratio of a to & or & to a should not be greater than 
10 to 1 in very accurate measurements of high resistances, 
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as any error due to contact resistances, etc., is multiplied ac- 
cording to the ratio used. In any case the most reliable re- 
sults are obtained when the four resistances a, 6, r and x are 
of nearly the same value, that is, when no one of them is more 
than ten times the value of any other. 

The brass plugs must be twisted in firmly to avoid what 
is called plug resistance. At the end of the test, however, 
the plugs should be loosened to relieve the strain on the top 
of the box. 

The battery circuit should be closed about 10 seconds be- 
fore the galvanometer circuit, so as to allow the current to 
become steady. 

In case an exact balance cannot be obtained, the results 
secured for deflections of the galvanometer needle in opposite 
directions should be interpolated. 

492. Explain what is meant by interpolating the results 
obtained on a Wheatstone bridge. 

It will not generally be possible to secure exact balance, 
that is, absence of deflection in the galvanometer, but two 
values of r may be found differing by 1 ohm, which will cause 
the galvanometer needle to give deflections in opposite direc- 
tions. The correct value of r lies between. Hence, at the 

highest ratio of -7- , values of these deflections in opposite 

a 
directions should be found. Thus suppose with a ratio of -j~ 

equal to 1/1000, 10,042 ohms in the rheostat arm give a gal- 
vanometer deflection of 3 divisions to the right of the zero 
mark, while 10,043 ohms in the rheostat arm give a deflection 
of 2 divisions to the left of the zero mark. A change of 1 
ohm, therefore, causes a movement of 5 divisions. Conse- 
quently, to cause a movement of 1 division will require 1/5 
ohm, and for a movement of 3 divisions 3/5 or 0.6 ohm. Ten 
thousand and forty-two ohms being too small by a deflection 
of 3 divisions, 10,042.6 ohms will, by interpolation as this 
process is called, be the correct resistance r to cause an exact 
balance. 
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493. If change of temperature affects resistances as has 
previously been stated, is it not necessary in very accurate 
resistance measurements made by means of the Wheatstone 
bridge to allow for the effect which the temperature at the 
time of the measurement has upon the bridge resistances? 

Ordinarily, a change of temperature affects resistance to 
the extent of about four-tenths of one per cent, per degree 
Centigrade of change, as was explained in Answer 50. In 
the Wheatstone bridge, however, the resistance coils are of 
either German silver or platinoid, or sometimes manganin, 
these materials being used largely on account of their com- 
parative low temperature coefficients or change in resistance 
per degree change in temperature. 

For example, the temperature coefficient of German silver 
is only about 0.00044, but unless the temperature at the 
time the resistance measurements are taken is the same as 
that at which the resistances of the Wheatstone bridge have 
been calibrated, which latter temperature is stamped on the 
bridge, the correction should be made if it be desired to 
secure extremely accurate results. 

The correction, however, need be applied only to the known 
resistance r, because the resistances a and h being of the same 
kind of metal the ratio of a to 6 as used in the formula 

x=z — y^r will not be affected by any change in temperature. 

494. Determine very accurately the resistance intro- 
duced in the x arm of a Wheatstone bridge composed of 
German silver resistances if a balance be obtained with 
a= I, b = 100 and r = 542, the temperature at which the 
bridge resistances were calibrated being 19 degrees Centi- 
grade, and the temperature when the balance was secured 
being 15 degrees Centigrade. 

For 19 — 15, or 4 degrees, change in temperature there 
results, according to the temperature coefficient of German 
silver given in Answer 493, a correction factor of 
4 X 0.00044 = 0.00176. As the balance was secured at a 
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lower temperature than that at which the bridge resistances 
were calibrated, their exact resistance would be less than the 
figures marked above them on the bridge, because the resist- 
ance of a metal decreases with a decrease in temperature; it 
therefore becomes necessary to multiply the recorded value of 
the known resistance, or 542 ohms, by 1 — 0.00176, or 0.99824, 
which gives 541 ohms for r. Proceeding as usual to find the 

unknown resistance from this value of r, we have x = r— 

X 541 = 5.410 ohms. 

495. What method is used for measuring resistances 
higher than those which can be ascertained by means of 
the Wheatstone bridge? 

The direct-deflection method. 

496. Illustrate and describe the direct-deflection method. 
Suppose a battery B of many cells be arranged in series, 

as in Fig. 147, with a delicate high-resistance D'Arsonval 
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Fig. 147. — Diagram of Direct-Deflection Method for Measuring Re- 
sistance. 



galvanometer G, a high resistance R of known value, and a 
shunt S composed of three coils, one having a resistance of 
1/9, the second 1/99, and the third 1/999 that of the gal- 
vanometer. 

Before commencing the test it is necessary to have the 
number of cells in the battery, and the value of the gal- 
vanometer shunt used, such that upon closing the key h a 
scale deflection of convenient extent is given by the gal- 
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vanometer. Suppose the deflection obtained with the resist- 
ance R in circuit be called Z>. 

If, then, in place of the resistance R, the unknown high 
resistance X be introduced in circuit, a deflection of a certain 
number of scale divisions which may be represented by Dx 
will be given by the galvanometer upon closing the key 6. 
The value of the resistance X may then be found from the 
formula 

497. What would be the resistance of X by the method 
described in Answer 496, if the galvanometer gave a deflec- 
tion of 100 scale divisions with a known resistance of 
1,000,000 ohms, and a deflection of 25 divisions with the 
unknown resistance in circuit? 

Substituting for R, D, and Dx, their respective values of 

1,000,000, 100 and 25 in the formula X = Ryr- there re- 

Vx 

suits X = 1,000,000 X ^ = 4,000,000 ohms. The value of 
the unknown resistance is therefore 4 megohms. 

498. For what class of work is the direct-deflection 
method of measuring resistances suitable? 

For the measurement of resistances greater than one meg- 
ohm (1,000,000 ohms). The insulation on wires and cables, 
and insulators for low-potential work, are usually tested by 
this method. 

499. When insulators are tested by the direct-deflection 
method, how are they arranged? 

They are usually placed, inverted, in a box lined with zinc, 
as shown at z, Fig. 148. The box is partly filled with water, 
and water is also poured into the insulators i, i, in sufficient 
quantities to reach within an inch of the rims. The rims 
should be dry, and the test should not be made on a damp 
day. One pole of the battery B is connected with the zinc 
lining of the box and the other pole is connected to one 
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terminal of the galvanometer G, connection being made on 
the shunt box 8, The other terminal of the galvanometer is 
then connected to one end of an insulated wire a, this con- 
nection being also made on the shunt box S. 

There should now be no deflection in the galvanometer if 
the wire a is perfectly insulated. To insure this the wire 
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Fig. 148. — Method of Testing the Insulation Resistance of Insulators. 

had better not come in contact with the ground or wall of 
the room. It should be an ' ' air line ^ ' as nearly as possible, 
and supported, if necessary, only by wood or rubber. The 
insulation of the testing wire being thus rendered certain, 
and the galvanometer shunted with the 1/999 shunt, the free 
end of this wire, supported by a wooden holder, should be 
touched to the metal pins c and d inserted in the sockets of 
the insulators under test. In cases where there is no reading, 
the insulator has stood the test. Such cases should then be 
tried with the 1/99 shunt; then, if this test causes no deflec- 
tion, with the 1/9 shunt, and finally, without any shunt 
whatever. ' 

500. Is not the direct-deHection method suitable for test- 
ing insulators intended for high-potential work? 

No ; because insulation for high potentials should be tested 
not so much for simple resistance as for its ability to with- 
stand high potentials ; again, the resistance when subjected to 
a low potential may be quite different from that under a high 
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potential on account of the electrostatic attraction between 
the particles, bringing them closer together. In testing such 
insulators at the factory, it is common to subject all parts to 
a difference of potential several times that which they are to 
stand in use. 

501. When the insulation resistance of wire is tested by 
the direct-deflection method, what is the course of pro- 
cedure? 

The insulated wire is first immersed in a tank of water 
for a period of forty-eight hours, in order to allow the insu- 
lation to become thoroughly saturated, after which connec- 
tions are made with the wire and the water in the tank, as 
shown in Fig. 149. The positive terminal of the battery, B, 
is connected to the contact blade m of the battery-reversing 
key shown at ml. The negative terminal of the battery is 




Fig. 149. — ^Method of Testing the Insulation Resistance of Wire. 

connected to one of the galvanometer terminals, and the other 
terminal of the galvanometer is connected to the contact 
blade I, of the key. A known resistance r has its terminals 
connected to b' and b of the key. This connection is shown 
with dotted lines. The shunt for regulating the sensibility of 
the galvanometer is indicated by s. 
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The circuit runs from the positive terminal of the battery 
to m, and when the key ml \& thrown to the right, the circuit 
continues to 6, through the resistance r, back to the binding 
post h\ and thence to the binding post I, The circuit then 
continues on through the galvanometer G and back to the 
negative terminal of the battery. On completing this circuit 
a certain deflection will be obtained at the galvanometer, and 
its amount should be recorded. 

The coil to be tested is shown at 7i, and is immersed in a 
tank f,. filled with water. The terminals Ti'and Ti" are brought 
over the edge of the tank. The terminal Ti" is cleaned of 
insulation and connected to the binding post 6. The end A' 
is allowed to hang free, but out of water. From the binding 
post V a wire is run into t]i»^ivater in the tank, the end p of 
this wire being cleaned so as to obtaiii h good electrical con- 
tact with the water. The terminals of the known resistance r 
are then disconnected from the circuit. 

The key is thrown to the right,* closing the circuit from 
the positive side of the battery B to m and to 6 as before; to 
the wire terminal 7i", through the insulation of the coil fe, 
through the water to p, thence back to 6', through I to and 
through the galvanometer G and back to the negative terminal 
of the battery. A deflection is obtained in the galvanometer 
G on completing this circuit. By comparing this deflection 
with the one obtained through the resistance r, the insula- 
tion of the coil h, can be calculated as described in Answer 496. 

By reversing the key ml. Fig. 149, the circuit will run 
from the positive terminal of the battery B to 6', thence to p, 
through the insulation to 6, to Z, through the galvanometer G 
and back to the negative terminal of the battery. The first 
position of the key connects the positive terminal of the 
battery to wire, and the negative terminal to the water; the 
second position connects the negative terminal of the battery 
to wire and the positive side to water. The deflections result- 

* The key is actually made to be depressed instead of moved sidewise, 
and, when released, the blades rise. Depressing the actual key produces 
the same results as throwing the diagrammatic key to the right. 
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ing will probably be the same in both cases, but if not, their 
average value should be used. 

502. When the insulation resistance of cables is tested 
by the direct-deflection method, what is the course of pro- 
cedure? 

Cables are tested in the same manner as wire, each con- 
ductor being tested separately. When the cable is lead- 
covered, however, it is not immersed in water. All con- 
ductors except the one 'for test are bound together at one 
end and then to the lead sheath, with copper wire. At the 
other end of the cable the conductors are left separate from 
each other. The conductor undergoing test is connected to 
the test wire, and when the test on it is finished, the next 
wire is taken, and so on. 

In Fig. 150, a is the lead sheath of a cable and w its interior 
insulation. At Ji and K are the conductors, each with its indi- 
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Fig. 150. — Connections for Testing the Insulation Resistance of Cable. 

vidual covering of insulation. At Ji the ends are bared and 
bound together with the wire d, which is then bound around 
the sheath a. The conductor being tested is connected at z 
to the test wire b, which leads to the binding post b, Fig. 149. 
At e a conductor b' is connected to the binding wire and leads 
to the binding post 6', Fig. 149. The test circuit is thus 
complete from b to the conductor at z, thence through the 
insulation, to the lead sheath, to the binding wire and back 
to b\ The conductors at the end 7i' of the cable, being sep- 
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arate, prevent short eireuits, that is, electrical contaela be- 
tween themselves throughout the changes made in the test. 

503. If the insulation resistance of a certain length of 
wire or cable be determined by measurement, can its insula- 
tion resistance per mile be calculated from this? 

Yes, if I = length in feet of the wire or cable tested; r = its 
insulation resistance as determined by measurement; and 
R — its insulation resistance per mile ; then 

"~ 5280" . 

504. What is the insulation resistance per mile of a 
cable 2640 feet long if its insulation resistance measures 
1200 megohms? 

Substituting for I and r their respective values in the 
formula 

"~5280' 



5280 
this is, the insulation rosislanco per mile. 

505. Is there any other method of testing for resistance 
than has previously been described? 

A magneto testing set provides a method for ascertaining 
it approximately. 




Fig. 151. — Magneto Testing Set. 

506.' What is a magneto testing set? 

The set comprises a small hand-operated alternating- 
current generator G, Pig, 151, in series with a bell B which 
is designed to operate on alternating current. If the resist- 
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ance r to be tested is connected to the terminals a and c of 
the set, and the armature m of the generator is revolved by 
the crank n, an alternating electromotive force is generated 
which sends current through the circuit and rings the bell 
if the resistance of the circuit is not too great. 

507. Explain how the ringing of the bell of a magneto 
set determines the approximate value of a resistance con- 
nected across its terminals. 

The loudness of the ringing indicates roughly the current 
flowing through the circuit. If one knows the greatest re- 
sistance through which his magneto will ring, the loudness 
of the ringing is a rough indication of the resistance of the 
circuit being tested. When the bell rings almost as strongly 
as when the magneto is short-circuited on itself, it shows that 
the circuit is of low resistance. When the bell rings only 
feebly, it shows that the resistance is high. If the bell docs 
not ring at all, it indicates that the resistance of the circuit 
is higher than the range of the magneto; in this case, how- 
ever, one should test the magneto itself to see if it will ring 
when its own terminals are connected directly together. 

If the resistance is so high that not enough current will 
pass to ring the bell, one can test the continuity of the 
circuit by disconnecting one of the wires from a terminal 
and bridging the gap between them with the fingers of one 
hand, moistened if necessary. If, then, the magneto be 
turned fast so as to raise its voltage as much as possible, and 
the circuit is continuous, a slight shock will be felt through 
the fingers. 

508. Are there any other methods in common use for 
measuring resistances accurately? 

Xhere is one other method very often employed for meas- 
uring comparatively low resistances. It is called the fall of 
potential or drop method and is based on Ohm^s law. If 
the fall of potential or the pressure in volts across a certain 
resistance, and the current in amperes flowing through it, be 
both measured simultaneously, the resistance in ohms will 
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be equal to the volts divided by the amperes. The instru- 
ment for measuring the volts is called a voltmeter, and that 
for measuring the amperes an ammeter; these instruments 
will be discussed later on. Representing the volts by E, the 
amperes by I and the resistance by R, the formula is 

R-j. 

509. What is the value of a resistance across which a 
voltmeter indicates 16 volts while the current passing 
through it, according to the ammeter, is 4 amperes? 

Substituting for E its value of 16, and for I its value of 4 in 

the formula, there results fi = — = 4 ohms ; this is the 
value of the resistance. 

510. Are any special precautions necessary in applying 
the drop method of measuring resistances? 

When the resistance of a highly inductive circuit, as that 
of an armature of a generator, or the windings of a trans- 
former, is to be measured by the drop method, the voltmeter 
must be disconnected before opening the main circuit, other- 
wise the inductive discharge which is in the opposite direction 
to the main current will cause a reverse deflection and prob- 
ably bend the pointer of the meter. 

MEASUREMENT OF CAPACITY 

511. How is capacity measured? \ 
Capacity is measured by the direct-deflection method de- 
scribed in Answer 496, the comparisons in this case being 
made between the unknown capacity and the known capacity 
of a standard condenser. The standard condenser has a 
known capacity C, between 1/3 and 1 microfarad, and is 
charged by means of a battery for a certain time, say 30 
seconds, and then discharged through a ballistic galvanom- 
eter. Represent by a the first deflection produced. A con- 
denser of unknown capacity C^ is then charged with the same 
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battery for the same length of time. It is discharged through 
the same galvanometer and a second deflection a^ is obtained. 
The value of the unknown capacity may then be found from 



the formula Ci = C 



a 



512. Show the connections and describe the method of 
procedure in testing capacity by the direct-deflection 
method. 

Referring to Fig. 152, the condenser C will become charged 
when the lever Ar of the discharge key is depressed against 
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Fig. 152. — Diagram of Apparatus and Connections for Direct- 
Deflection Method of Measuring Capacity. 

the lower stop c, for the right-hand pole of the condenser will 
then receive a negative charge from the battery B by the" 
connection hceB, and the left-hand pole of the condenser 
will receive a positive charge by the connection mnB, The 
key being at this charging position, the galvanometer G is 
set at zero, and when the observer is ready to take a reading, 
the discharge should be caused by pressing the lever Jir 
against the upper stop d. When this is done, the poles of 
the condenser C are placed in metallic communication by the 
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circuit msGtdJi, and the sudden rush of electricity through 
the galvanometer causes the kick, or deflection of its pointer, 
which has to be noted. While the galvanometer is returning 
to rest, the condenser should be short-circuited by the key A; 
in order to get rid of any residual charge that may remain. 
Before again depressing the lever the short-circuit key k 
should be opened. After the observation of the discharge 
has been repeated several times for a good average, the con- 
denser C is replaced by the unknown capacity and the proc- 
ess repeated. 

513. Suppose a standard condenser of i microfarad ca- 
pacity gave an average deflection of 60, and the average 
deflection of the unknown capacity was 54, what would be 
the value of the unknown capacity? 

Substituting the known values oi C, a^ and a in the formula 

a 54 

C.^=C -^ , there results C, = 1 X tttt , or 0.9 microfarad 
a 60 

as the value of the unknown capacity. 

514. What is a ballistic galvanometer? 

A ballistic galvanometer is an instrument adapted for 
ineasuring momentary currents, i.e., currents which last only 
a very short time. It differs from the D'Arsonval gal- 
vanometer described in Answer 471, in possessing a heavy 
needle, made nearly spherical. The needle is made heavy 
in order that its time of vibration will be large, and is made 
spherical in order that the air resistance will be a minimum. 
Thus, as the needle swings slowly around, it adds up, as it 
were, the varying impulses received during the passage of 
a momentary current, and eliminates to a certain extent the 
magnetic and frictional resistances which tend to shorten the 
deflection. 

515. Illustrate and describe a common form of ballistic 
galvanometer. 

Fig. 153 shows a modern form of ballistic galvanometer. 
The coils c' and c", with terminals at m, m', m" and m'", are 
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supported by means of the polished hard-rubber pillars p' and 
p", corrugated in order to give a large leakage surface. The 
two coils are graded to give the maximum electromagnetic 
effect for a given length of wire. They are joined by means 
of flexible insulated-wire connectors in series, multiple, dif- 
ferentially or singly, according to the resistance required to 
produce a readable deflection in the measurements being 
made. The coils are hinged, and can be swung open as in 
Fig. 153 so that the suspension system e may be easily in- 




Fig. 1 



—Ballistic Galvanometer for Measuring Transient Currenta. 



spected. By means of the clasps a and 6 the part d can be 
securely closed, thus causing the coils c' and c" to inclose the 
suspension system. When the part d is closed, a glass win- 
dow, the frame of which can be seen at r, permits the 
mirror x on the suspension system to be plainly seen. 

The suspension system shown enlarged at the right of Fig. 
153, consists of the mirror x and four bell magnets n s and 
11 s, n" s" and «"' s"', the upper and lower magnets ji s and 
«"' s" forming one set, and the central pair «.' s' and n" s" 
the other. The outer magnets, being the stronger, control 
the system. The lower magnet has a screw thread cut on it, 
apon which moves a soft-iron ring w. Screwing this ring 
toward the poles of the magnet makes the system more nearly 
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neutral to the earth's magnetic force; this gives a means of 
varying the sensibility of the galvanometer through a wide 
range. 

516. Mention a common case where measurements of 
capacity are necessary. 

All lead-covered cables should be tested for capacity be- 
tween the conductors and the lead sheath. 

517. Hovj^ are the connections made in determining the 
capacity of a lead-covered cable? 

The conductors are left open at one end, as at 7i', Fig. 150, 
and those at the other end 7i are bound together and to the 
sheath. The sheath is connected to 7i, Fig. 152, and the con- 
ductor to be tested is connected to the positive side of the 
battery B, and also to one terminal of the galvanometer (?. 
The other terminal of the galvanometer is joined to the stop d 
and the negative side of the battery to the stop c. The de- 
flection produced is that of the unknown capacity, the method 
of procedure being the same as that described in Answer 512. 

518. If the capacity of a certain length of cable be deter- 
mined by measurement, can its capacity per mile be cal- 
culated from this? 

Yes ; if Z = length in feet of the cable tested ; c = its 
capacity in microfarads as determined by measurement, and 
C = its capacity in microfarads per mile, then 

5280 c 

^- "1 • 

519. What is the capacity per mile of a cable whose 

capacity measures 0.014 microfarad for 750 feet of its 
length? 

Substituting for c and I their respective values in the 
formula 



there results 



C = 



^ 5280 c 
5280 X 0.014 



750 
or 0.099 microfarad for the capacity per mile. 
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MEASUREMENT OF INDUCTANCE 

520. Describe a method of measuring inductance. 

Inductance may be measured with a Wheatstone bridge, 
condenser, and a variable non-inductive resistance connected 
as in Fig. 154. In the diagram, a and b are the ratio arms 
of the bridge, in each of which is introduced the same amount 
of resistance. Connected in the x-arm of the bridge is the 
inductive resistance L, the inductance of which is to be meas- 
ured, in series with a non-inductive resistance R, and shunted 
around these two resistances is a condenser c. The resistance 




Fig. 154. — Connections for Measuring Inductance with Wheatstone 
Bridge. 

R is used merely for the purpose of enabling a condenser c 
of practicable size to be employed. The variable-resistance 
arm of the bridge is denoted by r, the battery by 5, the battery 
key by k, and the galvanometer, which should be of the re- 
flecting type, by g. 

The test is conducted by varying the resistance in r, and 
if necessary the values of R and c, until no deflection is given 
by the galvanometer when the battery circuit is opened. 
Then, by substituting the values of the capacity of the con- 
denser c in microfarads, and of the resistance R and r in 

ohms, in the formula 

L = c {R + ry, 



^\\v^VSV 
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the value of the inductance L in henrys can be at once ob- 
tained. 

521. If the galvanometer in Fig. 154 gives no deflection 
upon opening the key k when there is i ohm unplugged in 
each of the ratio arms, i ohm in the variable-resistance arm, 
I ohm of non-inductive resistance in the x-arm, and the 
condenser used has a capacity of 0.3 microfarad, what is the 
value of the inductance L? 

Substituting 0.3 for c, 1 for R, and 1 for r in the formula 
L = c {R + r)2, there results L =: 0.3 (1 + 1)^, or 1.2 hen- 
rys for the value of the inductance. 

DIRECT-CURRENT PORTABLE VOLTMETERS 

522. Are all voltmeters portable? 

No; voltmeters, or instruments for measuring the electrical 
pressure or voltage of a circuit, or the drop in pressure across 
a resistance, are not always portable; neither do all of them 
operate upon the same principle. The term ** portable " 
signifies that the. instrument is constructed so that it can 
easily be carried from place to place, in contradistinction to 
** station '* voltmeters, which are constructed to be used per- 
manently in one place, as on a switchboard in a station. 

523. Show a typical form of direct-current portable volt- 
meter. 

Fig. 155 shows such an instrument. This voltmeter is 
designed to measure direct-current pressures up to 150 volts. 
Two scales m and n are provided, the former graduated with 
practically equal subdivisions from to 150 volts and the 
latter from to 15 volts. Pressures up to 15 volts can be 
read on the low scale with greater accuracy than if read on 
the high scale, for the reason that the unit divisions are 
spaced further apart. Pressures above 15 volts must, of 
course, be read on the high scale. In order that either scale 
may be used at will, three binding posts a, b and d are pro- 
vided. When the binding posts a and d are used to connect 
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the instrument in circuit, the low-reading scale will be in uae; 
the binding posts b and d correspond to the high-reading 
scale. The circuit through the voltmeter is not closed, and 
consequently there is no deflection of the pointer p over the 




scale, until the button or key ft is pressed down. The instru- 
ment is direct-reading; that is, the scale markings represent 
the exact values being measured. 

524. Show the working parts of this voltmeter and de- 
scribe the principle upon which they operate. 

A diagram of the working parts is shown in Fig. 15G. In 
a two-scale vultmoter there are two sepai'ate resistance coils 
a' and 6', one for each scale. Each of these coils is wound 
with the same size wire, non-inductively ; that is, the wire 
o£ eaoh eoil is wound back on itself as described in Answer 
484 for the resistance coda in the Wheatstone bridge. The 
wire on coil b', which is used for the 150-volt scale, is nearly 
ten times the length of that on eoil «' for the 15-volt scale. 
One terminal from each coil is connected to the binding posts 
a and 6 respectively, and the remaining two terminals are 
Joined together and electrically connected to c, a fine copper- 
wire coil which is free to turn about a vertical axis. A per- 
spective view of this part of the meter is shown in Fig. 157, 
with front broken away to make clear the construction. The 
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other end of the coil c is electrically connected to binding 
post d through the key k. Within the coil c is permanently 
mounted a cylindrical piece of soft iron s, which acts as a 
core, thereby strengthening the magnetic circuit of the per- 
manent horseshoe magnet N S. The coil c is wound upon a 
light frame of copper which serves both as a support for the 
wire and as a magnetic damper to prevent extra vibrations. 




The pointer p is mounted on top of coil c. When no cur- 
rent is passing through the coil, the pointer ie at the left as 
shown, over the zero mark on the scale. When current passes 
through the coil in the proper direction, a north pole is pro- 
duced at the further side of the coil, and a south pole at the 
nearer side. The repulsion between the like poles of the 
coil and permanent magnet, and the attraction of the unlifee 
poles, cause the coil to turn so that the pointer is carried 
over the scale. The position of the pointer thus depends upon 
the magnetic effect produced by the coil, and this in turn is 
proportional to the strength of the current passing through 
it; as the current is proportional to the voltage applied to 
the binding posts of the meter, the internal resistance of the 
meter being constant, the position of the pointer is propor- 
tional to the voltage applied. 



L Two flat spiral springs r, etc., one fastened to the top, and 
; other to the bottom of coil c, esort a force in opposition 
to that produced by the current in the coil ; consequently, 
when no current flows through the insti'unient the force of 
the springs brings the pointer back to the zero point, which, 
in this class of Instrumenta, is at the beginning of the scale. 
These springs also serve to convey the current into and out 




Fig. 157.— Detaila of Constriicti™ In Direct- CurreTit Voltmeter. 



of the movable coil. A brass strip e screwed to both poles 
protects the movable coil and springs from injury at the 
opening of the magnet, but does not intercept the lines of 
force between the poles because brass is non-magnetic. The 
moving parts are supported in sapphire jewels, and the pivots 
are of hardened steel, ground and highly polished, in order 
3 friction and obtain extreme sensitiveness. 



525. What would happen if current were passed through 
the meter in the wrong direction? 

A south pole would then be formed at the further side of 
the coil c, and a north pole at the nearer side. The attrac- 
i of these poles by the poles of the permanent magnet 
tfS would cause the coil to move in the opposite direction 
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to that previously stated, and the pointer would be forced 
off the scale, at the left. 

526. Does not the movement of the pointer therefore 
indicate whether the voltmeter is correctly connected in 
circuit? 

It does. .The key k, Pig. 155, should be lightly tapped for 
this test, as otherwise the pointer is liable to be bent by being 
forced against the side of the case or against the insulated 
stop provided in some meters. If the deflection is . in the 
wrong direction, the connecting leads should be reversed. 

On the meter. Pig. 155, directly below the right-hand bind- 
ing post is shown a white disk, and if the positive side of 
the circuit to be tested is known it can be connected to the 
binding post thus indicated, with the certainty that the 
pointer will be deflected in the proper direction. 

527. How is the proper resistance for the coils ^! and b', 
Fig. 156, determined? 

Each of these coils has a resistance depending upon the 
full-scale reading which it governs; usually, the coils are 
wound to make the total resistance of the moving and station- 
ary coils about 100 ohms per volt. The coil a! and the moving 
coil c therefore have a combined resistance of about 15 X 100 
= 1500 ohms, and the coils V and c a resistance of 150 X 100 
= 15,000 ohms. 

528. What are the usual measuring limits in the direct- 
current portable voltmeters in common use? 

Direct-current portable voltmeters vary from 0.02 volt up 
to 750 volts rating, the smaller ranges being used for the 
measurement of very low electromotive forces, such as those 
developed by the difference in temperature of two metals and 
by battery cells, or for measuring the voltage across very 
low resistances, such as armatures of dynamos, heavy cables, 
etc. The voltmeters in most common use are of 5, 15, 75, 
150, 300, 500 and 750 volts range. 
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H 529. How are direct- current pressures in excess of 750 
I volts measured? 

Direct-current pressures seldom exceed 750 volts, but it is 
practicable to extend the measuring range of a voltmeter 
many times by the use of a device called a multiplier. The 
multiplier is merely a special resistance connected in series 
with the voltmeter and is often used with low-reading volt- 
meters to extend their field of usefulness. 

^P 530. Illustrate a multiplier and its principle of operation. 

^^ Fig. 158 shows a multiplier. The perforated cylindrical 
case contains a resistance connected to the binding posts m 
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and n, the value of which is some multiple of the resistance 
of the voltmeter to be used with it ; the resistance of the volt^ 
meter circuit is thereby increased a certain whole number of 
times, and consequently the deflection on the voltmeter scale 
is deci-eased in exact proportion. Tbe readings on the volt- 
meter connected in series with the multiplier have, therefore, 
to be multiplied by the proportion in which the resistance 
of the voltmeter circuit has been increased. The perforated 
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case is used to afford ventilation for the wire within so that 
its resistance will not be affected by overheating. 

531. What is the voltage of a circuit in which a 150- 
scale voltmeter having a resistance of 14,812 ohms indi- 
cates 1 1 5.5 volts when connected with a multiplier of 
44,436 ohms resistance? 

According to Answer 530, the multiplying factor would be 

14,812 + 44,436 __ 
14,812 "" 

The voltage of the circuit would therefore be 4 X 115.5 = 462 
volts. 

532. Are any temperature corrections necessary in the 
readings obtained on the direct-current portable voltmeter, 
by reason of the change in its internal resistance at different 
temperatures? 

The temperature correction in the meter illustrated is not 
over one-quarter of one per cent, between 35 degrees and 105 
degrees Fahrenheit, and the instrument gives results correct 
within one-fifth of one per cent., if carefully used; for com- 
mercial work, therefore, the temperature corrections are 
negligible. 

533. How should a voltmeter be wired in circuit? 

It should be wired across that part of the circuit where 
the voltage is desired, by small flexible wire leads. If, for 
example, the voltage of a generator G, Pig. 159, be required. 
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Pig. 169. — Connection of Voltmeter in Circuit. 

a voltmeter v must be connected to its terminals as shown. 
If the drop in pressure across a resistance r be desired, a 
voltmeter v' must be connected to the ends of the resistance. 
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The high internal resistance of the voltmeter permits the 
passage through it of only a very small current ; consequently, 
but a small amount of energy is required to operate it. 

534. What precautions should be observed in connect- 
ing up a voltmeter? 

A voltmeter should not be connected to a circuit unless 
the character of the circuit and its approximate voltage are 
known. If a voltmeter capable of measuring only 150 volts 
be connected across a circuit giving 300 volts, and the key be 
pressed, the resistance coil of the voltmeter, or possibly its 
fine wire coil, would be burned out. That is, the wire would 
not carry the current that would then flow through the meter 
without heating to such an extent as to set fire to its insula- 
tion, or at least char it, rendering it unfit for further 
use. 

Voltmeters, and in fact any measuring instrument depend- 
ing upon the magnetic effect of a current, should not be used 
in close proximity to dynamos or conductors carrying large 
currents, because the readings on these instruments are af- 
fected by stray magnetic fields, and the steel magnets used 
in the meters may become permanently changed. 

When measuring instruments of any kind are placed upon 
tables or benches and connected in circuit by means of loose 
wires or cables, these wires or cables should be securely 
clamped or fastened to the tables or benches. The instruments 
will not then be liable to injury if the wires are accidentally 
caught and pulled. 

When carrying instruments or setting them down, they 
should not be handled roughly. Such treatment dulls the 
pivots and frequently breaks the jewels. 

Care should be taken to prevent either of the connecting 
leads from touching the case when a voltmeter is in use. 
The pointers in these instruments are often permanently con- 
nected with one side of the circuit and touch the case at the 
end of their swing. If a lead from the other side of the 
circuit also touches the case, a short-circuit will be caused. 



h^ 
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535. What precautions should be observed in taking 
readings on a voltmeter? 

In reading deflections of the pointer on the scales of all 
instruments, it is generally possible to read to tenths of a 
division with a fair degree of accuracy. In case a mirror 
is provided beneath the pointer, advantage should be taken 
of this feature by sighting the needle so that it covers its 
reflection in the mirror. 

A slight jarring or tapping on the case of the instrument 
will overcome the friction of the pivot and aid the pointer in 
coming to rest. A separate key is sometimes used to stop 
the vibrations of the pointer, especially in the case of alter- 
nating-current instruments, as will be explained later. 

If the pointer be bent so as to lie more than one-fifth of 
a division away from the zero mark when no current is flow- 
ing, the case of the meter should be unscrewed, taken off, and 
the end of the pointer bent back to the zero mark. The 
straightening of the pointer' is best accomplished by means of 
a small pair of pliers. 

DIRECT-CURRENT STATION VOLTMETERS 

536. Wherein does a station voltmeter for measuring 
direct-current pressures differ from a direct-current porta- 
ble voltmeter? 

The direct-current station voltmeter is a much larger instru- 
ment. Two forms are shown in Pigs. 160 and 161, the former 
being of the illuminated dial type, and the latter of the 
** edgewise " pattern. The working parts of these instru- 
ments operate on the same principle as those of the direct- 
current portable voltmeters. As but one scale is used, there 
is but one resistance coil, and as the meter is intended to be 
permanently connected in circuit a key is not provided. 

537. Describe in detail the meter shown in Fig. 160. 
This meter carries in addition to the pointer p, a round 

index a. This latter consists of a circular disk of blackened 
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aluminiiin, and its poaition along the scale can be adjusted 
from outside of the case by turning the knob b. In practice, 
the knob ia turned so that the index a is directly below the 
point of normal voltage. When the pointer p reaches the 
J point of normal voltage, the black disk of the normal index a 
Appears in the center of the circular opening of the pointer, 
t narrow ring of white around the disk being visible. By 




Fig. ICO. — Illuminated Dial Station Voltmeter. 

means of this simple arrangement a very small change in the 
voltage can be seen at a considerable distance from the meter. 
The dial, or scale, s, is of opal glass set in a frame at the 
back of the instrument. Directly behind the scale, an incan- 
descent lamp and a pair of mirrors are mounted so as to 
illuminate the scale uniformly from behind, thercljy making 
the figures, lines, pointer and index distinctly visible at a 
distance from the instrument. Two of the iron brackets used 
to suspend the meter are shown at m and n. A dust-proof 
cast-iron case protects the working parts from injury and 
shields them from the disturbing influence of external mag- 
netic fields. 
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538. What are the features of the edgewise voltmeter in 
Fig. 161? 

This type in advantageous where it is neeeKsary to mount 
the measuring instruments verj- closely together in a limited 
space. The meter is mounted by cutting out a portion 
of the switchboard so that the part back of the frame m pro- 
jects through; connections are made to it from the rear. The 
instrument may be tilted by means of the handle c and held 




Fig. 101. — Edgewise Type of Direct-Current Station Voltmeter. 

in the desired position by means of an insulated thumb 
screw r. This permits the best view of that part of the scale 
which is most in use and to a certain extent does away with 
reflections from the curved glass front. The scale of this 
voltmeter is not illuminated, and a normal- voltage index is 
not provided. The moving mechanism of the meter is con- 
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nected to the pointer a through the slot o. In some meters 
black dials are used, the figures, scale and pointer being white. 
Under many conditions of station lighting this arrangement 
will be found to add considerably to clearness and readability, 
the principle involved being to illuminate only those parts 
which are to be observed. 

539. Are multipliers used with station voltmeters? 
Yes; in the same manner as with portable voltmeters. 

DIRECT-CURRENT PORTABLE AMMETERS 

540. Wherein do ammeters differ from voltmeters? 
Ammeters are instruments for measuring the strength of 

current flowing through a circuit, and they are connected 
in series with the circuit as at e, Fig. 162. If the instrument 
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Fig. 162. — Connection of Ammeter in Circuit. 

is not to be used continuously, a switch should be wired 
in as at c to short-circuit the ammeter when it is not needed, 
in order that no appreciable current will pass through the 
meter, and also in order that the current in the main circuit 
will not be interrupted in case it becomes necessary to remove 
the meter. The mechanical construction of direct-current 
ammeters differs considerably from that of direct-current 
voltmeters, although the underlying principles of operation 
are practically the same in both cases. 

541. Show a typical form of direct-current portable am- 
meter. 

Pig. 163 shows an ammeter complete. Except that the 
binding posts, a and 6, are larger and there is no key or 
push-button, the exterior appearance of the meter is similar 
to that of the direct-current portable voltmeter shown in Fig. 
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155. The large binding posta are neceasury beoaiise the 
entire current of the cii'cuit paascB through the meter when 




■Portable Direct- Current Ammeter. 



in use, and the short-eircuiting switch previously mentioned 
replaces the key. 

542. What is the interior construction of this type of 
ammeter ? 

Fig. 164 indicates the construetion diagrammatieally. The 
permanent horseshoe magnet A' S, the fine copper-wire coil c 




Fig. 104.^Interior Connectiona of Direct-Current Ammeter. 



enclosing the soft-iron core s, the spring r holding the coil 
in position, and the pointer p attached to the coil, will be 
recognized at once as being of the same construction and 
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serving the same purposes as the corresponding parts in the 
direct-current portable voltmeter described in Answer 524. 
Here, however, the similarity ends. 

The current upon entering the meter at the binding post a 
passes to a copper plate a', and from this plate passes through 
several resistance coils m and the movable coil c to the plate 6', 
from which it passes to binding post b, and back to the cir- 
cuit. The proper operation of the instrument largely de- 
pends upon the resistance coils m, which consist of insulated 
wires wrapped non-inductively around the permanent magnet 
N S and form the principal conductors of the current. These 
coils and the movable coil c are all connected in parallel be- 
tween the plates a' and 6', and the resistances of the coils are 
80 proportioned as to allow the coil c to receive the amount 
of current necessary to cause the proper deflection of the 
pointer over the scale. 

543. Can this ammeter be kept in circuit continuously? 
Not without affecting its accuracy by the heating of the 

resistance coils, unless the current is relatively weak. If the 
current is one-half or more of the full range of the instru- 
ment it should not be kept in circuit longer than three 
minutes. As a rule, half a minute is ample time in which 
to take a reading. If the meter is to be kept in circuit con- 
tinuously, the current should not exceed one-quarter of the 
full range of the 300- and 200-scale ammeters, while with 
the 150-scale ammeter one-third of the full range should be 
the limit. The 100-scale ammeter may be kept in circuit for 
five minutes at three-quarters of its full range before its ac- 
curacy is impaired more than 1 per cent., and for an indefinite 
period at one-half range. The 50-scale ammeter may be kept 
in circuit indefinitely at three-quarters range without exceed- 
ing the 1 per cent, limit of inaccuracy, and the 25-, 15-, 5- and 
0.75-scale ammeters at full range for an indefinite time. 

544. Are there any precautions besides those already 
mentioned that should be observed in using ammeters? 

An approximate idea should be had of the current in a 
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circuit before an ammeter is connected in. The short-circuit- 
ing switch should be carefully opened the first time to show 
whether the current flows through the meter in the proper 
direction to deflect the pointer over the scale. A slight tap- 
ping on the case of the meter will overcome the friction of 
the pivot and aid the pointer in coming to rest at the proper 
point. Ammeters should not be used near dynamos, large 
masses of iron, or conductors carrying large currents, on ac- 
count of inductive disturbances introducing errors in the 
readings. The connecting wires or cables should be securely 
fastened to the table or bench upon which the meter is used. 
Care should be taken to handle ammeters carefully in order 
to avoid damage to their pivots or jewels. Ammeters which 
must be kept in circuit continuously carrying current near 
their maximum capacity should be connected to the circuit by 
large wires or cables in order that the heating at the con- 
tacts of conductors and binding posts may be kept low. 

The meter should be laid approximately horizontal — not 
vertical nor in an inclined position, because the friction of 
the bearings is thereby increased and seriously affects the 
accuracy of the meter. If the meter is to be used for any 
length of time in one place it is advisable to screw it down. 
Brass screws should be used; iron screws must not, because 
they interfere with the deflections of the pointer by distort- 
ing the magnetic field. Nails must never be employed to 
fasten a meter in place, as the necessary hammering would 
injure the jewels, besides seriously affecting the field of the 
horseshoe magnet. A meter should never be used in a place 
hot enough to melt the paraffin insulation on its interior 
wires. Wiping the glass cover just before taking a reading 
is liable to electrify the glass and induce a charge in the 
aluminum pointer, which, being very light, may thus be at- 
tracted and cause an error in the readings. 

545. Is there any limit to the range for which an am- 
meter can be made? 

No; but in practice it is found expedient to use external 
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shunta " with ammeters for measuring currents above 200 
or 300 amperes. 

546. What is an ammeter shunt and how is it used? 
Pig. 165 shows an ammeter shunt. It consists of a number 
:Of metal strips d, the ends of which am tittcii into grooves in 
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two brass or copper blocks r and s. Each of these blocks is 
-provided with two large and one small clamping screw, the 
former for connecting the shunt in the circuit in which it is 
desired to measure the current and the latter for connecting 
the wires c leading to the ammeter.. Moat of the current 
passes through the metal strips d, but a small part is 
" shunted " through the meter, and as this small por- 
tion varies exactly in proportion to the variations of 
the main current, the ammeter needle responds in accord- 
anee. 




L^ 
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547. Is the ammeter used with shunt the same as the one 
used alone? 

No ; the meter used in connection with ahunt is practically 
a low-reading voltmeter, with a low- resistance moving coil 
instead of one of high resistance. Its scale is marked in 
amperes, however, and so laid out ■ that when any certain 
number of amperes is passing in the main circuit, the needle 




Fig. 108.— IIIuniinst<>d Dial Station Ammeter tor Din 



points to that number on the scale, although that current is 
not actually flowing through the instrument. 

548. Why is the ammeter shunt made up of strips? 

In order to obtain a large radiating surface and thereby 
prevent heating, which would alter the resistance and make 
the ammeter readings inaccurate. 

549. Are any special precautions necessary in the use 
of a shunted ammeter? 

Care must be taken never to allow the full current of a 
circuit to pass directly through the meter, for it requires 
less than one-tenth of an ampere to give a full scale deflec- 
tion. 
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DIRECT-CURRENT STATION AMMETERS 
550. Illustrate and describe some common forms of 
direct- current ammeters for station use. 

Fig. 166 shows a direct-current station ammeter of the 
illuminated dial type, and Fig. 167 illustrates the edgewise 
type. Both are designed for use with shunts, and are con- 
structed on the principle described in Answer 547. The 




working parts are entirely enclosed in iron cases to protect 

them from dust and external magnetic fields. 
551. How are a station ammeter and its shunt connected 

in circuit at the switchboard? 

Fig. 16S is a diagram of the wiring, in which a and 6 repre- 

aent the connections to the outside circuit ; D, the dynamo 
I supplying the current ; s, the ammeter shunt ; R, the ammeter, 

and c, the switchboard. The shunt should be placed at a 
[ greater distance from the ammeter than the diagram indi- 
\ cates ; the further away the better on account of its mag- 
I aetio ei^ect. Connection with the shunt is made by means 
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of thick copper bars m and n. The small lead-wirea r and v 
from the shunt are connected to the binding posts b' and b" 
at the back of the meter, where also the socket x for th^ 




electric incandescent lamp which illuminates the scale is 
placed ; u and o are binding posts for the lamp eireuit. 



ALTERNATING-CURRENT PORTABLE 

VOLTMETERS 

SS2. Can voltages on alternating-current circuits be 
measured by the direct-current voltmeters previously de- 
scribed? 

They cannot, because the current in the coil would " alter- 
nate ' ' rapidly and tend to pull the coil first one way and 
then the other. The result would be no deflection of the 
pointer. Alternating-current voltmeters, however, will meas- 
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Bre direct-current voltages as well as alternating-current 



553. Do all alternating-current portable voltmeters op- 
erate upon the same principle? 

No ; there are several forms of alternating-current portable 
voltmeters based on different principles of operation. Among 
them are moving-coil or " ironless-field " voltmeters, hot-wire 
voltmeters, and inclined-coil voltmeters. 

554. Explain the principle upon which moving-coil volt- 
meters operate. 

In this meter there is a fixed coil in two sections, and a 
movable coil, connected in series. In Fig, 169 m and n repre- 




Fig. 169. — Internal Arrangement of Moving Coil Altemating-Curreiit 
Voltmeter. 



gent the two sections of the " ironless-field " fixed coil, and c 
denotes the movable coil. The sections of the fixed coil are 
wound in the same direction on hollow non-magnetic bobbins 
and serve in place of the permanent magnet used in the 
direct-current voltmeter. The movable coil is connected in 
series with the stationary coils and its spindle carries the 
pointer p. The movable parts comprising the coil c, the 
pointer p, and the springs attached to the top and bottom 
of the spindle are of practically the same construction as 
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those in the direct-current voltmeter described in Answer— 
524. The high resistance coil of this meter is shown at d. 

In the '* ironless field " meter here described, no matter in_ 
which direction the current flows, the attraction or repulsion, 
between the magnetic lines of force generated in the movable 
coil and those in the field set up by the coils m and n always 
tends to deflect the pointer p in the same direction. This is 
due to the fact that the fixed coils and the movable coil are 
connected in series, and when the current changes direction 
in one of them it changes direction in all three, thus preserv- 
ing the same magnetic relation between them. An instru- 
ment of this type may be said to operate on the dynamom- 
eter principle. 

555. Should any corrections be made in the readings 
obtained from the voltmeter in Fig. 169 for changes in tem- 
perature? 

Yes, but they are applied automatically by means of the 
rheostat x, Fig. 169, which is graduated between 60 and 100 
degrees, Fahrenheit. Before taking readings of voltage, the 
temperature of the surrounding air is noted on the ther- 
mometer t, and the pointer s of the rheostat is turned to the 
mark corresponding to this temperature. Sufiicient resist- 
ance is thus cut in or out of the voltmeter circuit to com- 
pensate for change in the working resistance of the meter 
due to change in temperature. 

556. What is the general appearance of a moving-coil 
voltmeter? 

Fig. 170 shows an exterior view of a two-scale voltmeter 
of this type. The upper scale is graduated to 150 volts and 
may be used by connecting to the terminals a and c, while 
the lower scale, graduated to 75 volts, may be used by con- 
necting to the terminals ?i and c. The high-resistance coil 
of this meter is divided in two sections and connected as in 
the case of the two-scale direct-current voltmeter shown in 
Fig. 156. The key is denoted by k, the thermometer by t, 
the compensating rheostat by x, and the scale by s. 
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557- What is the principle upon which hot-wire alternat- 

j-current voltmeters operate? 

The hot-wire instrument depends for its operation upon 

the expansion of a fine wire strip of conducting material, 

the expansion being due to the heat produced by the pasHage 

I of the current to be measured. The indications are proper- 
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Tig. 1 70.— Portable AHornating-Curreiit Voltmeter of Moving Coil 
■Typ. 

tional to the square of the current, because the heating effect 
varies as the square of the current. Both alternating- and 

_ direct-current voltages can be measured with a hot-wire in- 

hrtrument. 

H 558. Illustrate and describe the construction of a hot- 

Hwire voltmeter. 

H Figs. 171 and 172 show, respectively, interior and exterior 

fviews of this instrument. A long piece of platinum silver 
wire 0.0025 inch in diameter passes up and down the long 
tube B, Fig. 172, over pulleys supported above and below. 




^. I 
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One end of the wire is fixed to the small brass block m. Fig. 
171. Thence, the wire is led around one of the two grooved 
pulleys 6 and d, supported by a ring at the bottom of the 
tube. (In Pig, 171 the bottom of the tube is brought close 




Fig. 171. — Interior of Hot-Wire Voltmeter, ahoiving Construction. 

to the head in order to keep the drawing within limits.) 
Prom this pulley the wire returns and is passed around a 
small pulley c; thence, it is led around the second pulley d 
and finally terminates at the small brass block n. The brass 
pieces m and n are supported by a block of insulating ma- 
terial /, which is fastened to the case of the instrument ; m 
and n are connected each to one of the binding posts r and e, 
which are insulated by fiber collars from the brass casing. 

The small part c, referred to as a pulley, acts as such only 
during the wiring of the instrument, in order to facilitate 
equalization of the tension in the two halves of the wire; the 
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expansion of the wire when the apparatus is subsequently 
used does not cause this pulley to rotate. It is fixed by a 
small screw passing loosely through its center to one end of a 




Fig. 172.— Hot-Wire Voltmeter. 



thin brass strip t, the other end of which has attached to it 
a fine platinum wire w connected to the spiral spring s. The 
tension of this spring, which can be varied by means of the 
adjusting screw a, keeps the wire taut. 
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When the main terminals r and e are connected to points 
in a circuit at different potentials, a current passes, say, to 
the block m, then through the entire length of the four 
stretches of the expansion wire to the block, n, and thence to 
the other terminal e. This current heats the wire, which 
expands, and the slack is immediately taken up by the spiral 
spring s so that the small brass strip t and the wire w are 
moved through a distance equal to the expansion of two 
lengths of the heated wire. 

559. How does the expansion of the platinum silver wire 
in the voltmeter, Fig. 171, show the voltage of the current 
passing through it? 

Through the medium of a jeweled watch movement. The 
wire w is led around a small pulley u, Fig. 171, fixed upon 
the same spindle with a toothed wheel v, which gears into a 
small pinion the spindle of which carries a long pointer P 
passing over a graduated dial shown in Fig. 172. When the 
wire is expanded by the current, the spring s causes the 
pulley u to turn through a small angle, and with it also the 
wheel v; the pinion and the pointer are turned by the wheel v, 
and as the diameter of the wheel is much greater than that 
of the pinion, the pointer is turned through a large angle 
by a comparatively small expansion of the wire. 

A long, fine wire is used in preference to a shorter one of 
greater sectional area, because the fine wire heats and cools 
much more quickly than a larger one would, thus making 
the pointer come more quickly to rest. By introducing extra 
resistance the capacity of the instrument can be increased. 

560. Does the hot-wire voltmeter possess any disad- 
vantages? 

It does. Since the meter depends upon temperature dif- 
ferences for its operation, it is extremely sensitive to varia- 
tions of external temperature, and such variations must be 
compensated either by increasing or decreasing the tension 
on the working wire or by providing auxiliary heating strips. 
Another disadvantage is the constant change of the zero 
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point, due to the failure of the wire to return to the same 
point after a measurement, on account of a slight residual 
strain. Still another objection is the comparatively large 
current required to operate the meter, rendering it ineffectual 
for delicate testing. 

561. Show the working parts of an inclined-coil volt- 
meter and describe the principle of operation. 

The ivorking parts can be seen from the interior view. Fig. 
§173. They comprise the inclined coil c wound in two sections 




Fig. 173,— Indinpd Coil Voltmeter. 

for the high and low reading scales, these sections being con- 
nected between the binding posts re and s, and between n and e. 
The coil c is inclined about 45 degrees and held in position 
by an iron support (, well insulated from it. This support 
also contains the bearings for the movable part and the flat 
spiral springs attached at the top and bottom. The movable 
part consists of an oblong piece of soft sheet iron s, Fig. 174, 
mounted on the spindle e / at an angle of 45 degrees. The 
pointer p is also attached to this spindle, and at such a posi- 
tion with respect to the sheet iron s that when the pointer 
is at zero the sheet iron will lie in the plane of the inclined 
coil c c, as shown in Fig. 174. 

. When voltage ia applied, the lines of force produced by 
I cnrrent in the coil pass through its center, tending to 
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torn the sheet iron « so as to lie at right angles to the plane 
of the coil c c, as in Fig. 175, and deflect the pointer over the 








Fig. 174. — Section of Inclined Coil, showing Position of Movable 
Part under No Voltage. 

scale. In both Figs. 174 and 175, r and r represent flat spiral 
springs at the top and bottom of the spindle. 

562. For what purpose are the buttons b and d, in Fig. 
173, provided? 

A close examination of Fig. 173 reveals a frame n across 
the top of which is stretched a cord t, the whole being sup- 




Fig. 175. — Section of Inclined Coil, showing Position of Movable 
Part with Voltage Applied. 

ported by a rod at r, which can be given a vertical movement 
by pressing the button 6. At the bottom of the guide for the 
rod r is a spring which keeps the frame and cord raised and 
out of contact with the pointer p when the button h is not 
depressed. If, however, the button 6 be pressed down, the 



p 
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wd 1 will be pressed against the pointer, which travels hori- 
zontally between the frame and the cord, thus stopping its vi- 
brations when deflected and facilitating an accurate reading. 
The button d serves for closing the circuit through the meter, 

563. Are the vibrations of the pointer in alternating- 
current meters more noticeable than in direct-current 
meters, when taking measurements ? 

They are, and for this reason the majority of alternating- 
current meters are provided with some form of damping 
device to stop the vibrations of the pointer and thus enable 
an accurate reading to be taken within a reasonable time 
after the circuit through the meter has been closed. 

ALTERNATING-CURRENT STATION 
VOLTMETERS 

564. Do alternating-current station voltmeters differ 
greatly from alternating- current portable voltmeters? 

Many of them are designed along the same lines as the 
alternating-current portable meters previously described. 




I'Fig. I7fl.— Round Type of Station Alternating- Cur rent Voltmeter. 

"heir construction, however, differs from the portable instru- 
ments in order to adapt them for station work, but follows 
that of the direct-current station meters already shown. 
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Two typical forms of alternating-current station voltmeterfl 
are illustrated in Pigs. 176 and 177. Both have iron cases, 
and graduated scales large enough to be read from a con- 
siderable distance. It will be noticed that most alternating- 
current meters have divisions of varying length at different 
parts of the scale. Although a uniformly-spaced scale is best, 
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Fig. 177.— Horizontal Edgpuisc Tvjit' of Station Alttrna ting-Current 
Voltmeter. 

where this is obtained at the expense of accuracy in the 
mechanism it is not so desirable as an accurate meter with a 
partly uniform scale. 

Ordinarily, the cases of alternating-current meters reading 
up to and including 150 volts contain the resistance coils also, 
but with voltmeters of higher reading external resistances are 
used. 

565. How should an alternating-current voltmeter be 
connected to a high-potential circuit? 

For potentials much over 750 volts it is not customary to 
use a multiplier in connection with the voltmeter. Instead, 
a step-down potential transformer is used, its high-pressure 
winding being conliected across the high-potential circuit and 
its low-pressure winding to the instrument. A separate trans- 
former is preferably uaed for this purpose. It is, of course, 
necessary where a transformer is used, to multiply the read- 
ing on the voltmeter by the ratio of the transformer in order 
to ascertain the circuit voltage. 

566. Is there any instrument for measuring high altef' 
nating-current voltages directly? 

Yes; electrostatic voltmeters are used for this purpose. 
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567. Illustrate and describe a common form of electro- 
* static voltmeter. 

Fig. 178 shows one of these instruments. In this form the 
meter is cODstructed to measure pressures up to 10,000 volts. 
The movable aluminum plate a a is pivoted on a horizontal 
axis between the two stationary brass plates c c and d d. One 
lead from the pressure main is connected to the terminal & 
on the left-hand aide of the enclosing case e, which latter may 
be either of wood or hard rubber ; this terminal is permanently 
connected to the plates c c and d d. The other lead from the 
main is connected to the torminal r, which, in turn, is per- 
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manently connected to the spindle of the plate a a. This 
plate carries a pointer p, which indicates by its position over 
the scale s, the potential difference between the mains. 

With no pressure existing between the mains, the plate a a 
is midway between the two plates c c and d d: When, how- 
ever, there exists a difference of potential between the plates 
e c and d d, and the plate a a, there will be an attraction 
between them which will increase in proportion to the square 
of the potential difference, thus drawing the plate a a further 
and further in between the two plates c c and d d, and con- 
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Bequently carrying the pointer over the scale. The plate a a 
will come to rest when the force due to the electrostatic attrac- 
tion balanees that of gravity. 

The glass door g ia supposed to be closed when the readings 
are being taken. Owing to the great sparking distance of 
alternating currents, the electrostatic voltmeter should not 
be subjected to a pressure greater than 70 per cent, of the 
maximum for which it is rated, unless discharge points are 
connected in multiple with its terminals. 

568, What is meant by "discharge points"? 

Discharge points are usually formed by inserting steel 
needles s and s', Pig. 179, in brass holders b and b', which 
pass through insulated supports m and n. The brass holders 




Connection witli Eleetroatatic 



should be capable of being moved back and forth in a hori- 
zontal line, so that the distance between the needles, which 
point toward each other, may be varied. The functions of 
the discharge points are to pfotect the voltmeter from higher 
voltages than it is adjusted to measure and also to check the 
reading on the scale of the voltmeter. 

569. How is one to know the proper distance apart at 
which the needles should be set in measuring a certain 
voltage ? 

Reference should be made to a curve showing the relation 
between the distances from needle-point to needle-point and 
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the voltages which will jump these distances. Such a curve 
is shown in Fig. 180. Having determined the proper distance 
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Fig. 180. — Curve of Sparking Distnnces for High Pressures. 

corresponding to the voltage to be measured, the points of 
the needles are separated this amount. 

570. Must any special precautions be observed in using 
electrostatic voltmeters for measuring high potentials? 

Care must be taken to make the necessary connections to 
the wires before the voltage is on the circuit. Rubber gloves 
and other insulating devices used by electricians in working 
on live low-pressure circuits are absolutely worthless as pro- 
tection from voltage such as would ordinarily be measured 
on electrostatic voltmeters. It is also important never to 
toach the case, or in fact any part of the instrument, when 
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in use, except the rubber handle, as the leakage may be suf- 
ficient to cause a dangerous shock. 

At each discharge, that is, when a spark passes between the 
needle-points, the points of the needles become fused into 
knobs by the spark. This changes the conditions upon which 
the reference curve of sparking distances is based, and must 
be remedied by replacing the needles with new ones before 
the next measurement. Care must be taken, however, to open 
both switches connecting the measuring apparatus to the high- 
potential circuit before making the change. 

Two single-pole switches must be used, one in each side of 
the circuit joining the measuring apparatus to the high- 
potential wires. The switches must be placed sufficiently far 
apart that there will be no possibility of the applied voltage 
jumping across them, and they should be mounted vertically 
so that gravity will tend to open the switch blades rather than 
close them. Under no circumstances should a double-pole 
switch be used in place of the two single-pole switches just 
mentioned, on account of the possibility of the voltage arcing 
across. 

571. Can pressures higher than 10,000 volts be measured 
directly? 

Yes, pressures up to 100,000 volts can be measured directly 
on the electrostatic balance shown in Fig. 181, or by use of 
the spark gap. Fig. 179, in connection with the curve. Fig. 
180. 

572. Describe the electrostatic balance. 

Referring to Fig. 181, the fixed portion of the meter is 
shown at B, the enclosing case being broken away to show 
the interior ; j^ is a brass plate, supported above a slate base s 
by three glass pillars ppp. The movable portion consists of 
an aluminum disk v, suspended by long links from the short 
end of the balance arm i. The balance arm indicates, by its 
position over a scale n, the potential difference between the 
two plates V and B. A brake checks the oscillations of the 
pointer. In this instrument it consists of a weighted cord 
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nupended from the top of the case and preamng lightly 
against the balance arm t, as shown. A heavily insulated 
wire passes throi^h the glass tube c, and makes contact with 
the brass plate B. The end of this wire marked b, forms one 




terminal of the instrument. The aluminum plate v is 
grounded on the enclosing brass ease by means of its support, 
which, as seen in the figure, rests on the top of the lower case. 
Any portion of the brass case may, therefore, be used as the 
other terminal of the instrument. 

A set of weights for use on the arm at m greatly widens 
the range of the instrument. When adjusting the weights 
or moving the instrument, the movable portion is held in a 
stationary position by pressing the lever a in line with the 
support. The electrostatic balance, by the use of the weights 
just mentioned, is designed to measure pressures from 5000 
to 100,000 volts. 
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573. What precautions should be observed in using an 
electrostatic balance? 

The same prceautiona specified for the electrostatic volt- 
meter in Answer 570. 

574. Have static voltmeters or balances any special ad- 
vantages for measuring voltages of ordinary value? 

They are not influenced by external magnetic fields nor 
by the frequency of the current. They are direct -reading on 
either direct- or alternating-current circuits, require an ex- 
tremely small consumption of energy to operate them, cost 
little in comparison with other forms of voltmeters, and re- 
quire no reducing transformers. They are particularly valua- 
ble in high-tension plants as a guide for the attendants regard- 
ing whether the circuits are alive. 

575. Have electrostatic meters any special disadvan- 
tages ? 

They do not give as accurate results as other types of volt- 
meters, the error being usually between 1 and 2 per cent. 

ALTERNATING-CURRENT PORTABLE 
AMMETERS 

576. Are not the working parts of alternating-current 
portable ammeters designed along the same lines as the 
alternating-current portable voltmeters previously taken 
up? 

Some are and some are not. 

577. Mention some common forms of alternating- current 
portable ammeters that differ in design from the instru- 
ments previously considered. 

Two of the most common and accurate alternating-earrent 
ammeters are the Siemens dynamometer and the Kelvin bal- 
ance. The Siemens dynamoraetpr is shown in Fig. 182, and 
the principle of its operation is illustrated by Fig. 183. The 
main parts of this instrument are two coils represented by 
the wires a a' and 6 &', at right angles to each other, the coil 



J 



^ ELECTRICAL MEASURED EXTS AXD ISSTRUMEXTS 335 

cc a' being stationary and, as shown in Fig. 182, bound securely 
to the support d by the band e. It is composed of many more 
turns than the coil b b', called the " movable coil," which is 
suspended on a steel pivot that rests in an agate eup and is 
^i"ee to move about its vertical axis. 

The" current to be measured paaaes through the two coils 




i 



1 series, and the movable coil tends to turn so as to place its 
Fplane parallel to the plane of the fixed coil, in order that 
the lines of force produced by the two coils may coincide in 
direction. This tendency of the movable coil to turn about 
its vertical axis is counterbalanced by the force of the spring (, 
me end of which is adjustable by band by means of the 
tnob 3. Permanently attached to the knob a ia the pointer p, 
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which indicates by its position above a graduated scale s, the 
number of degrees through which the end of the spring has 
been adjusted. 

In Fig. 182, part of the top of the glass case and a section of 
the brass rim have been broken away to show the scale, 
pointer and index. The index q permanently attached to the 





Fig. 183. — Illustrating the Principle of Siemens Dynamometer. 

movable coil indicates zero on the scale s when the plane of 
the movable coil is at right angles to that of the fixed one. 

578. Explain the method of measuring a current on the 
Siemens dynamometer. 

First, the knob z should be turned so that the pointer p 
indicates zero. If the index q is not then at zero, the instru- 
ment is not level, and the adjustable screws on which the 
instrument rests must be turned until the index q is at zero, 
care being taken that the rod r, which forms one terminal of 
the movable coil, and makes contact with the fixed coil in the 
mercury cup c, hangs centrally in the cup. 

Having made this adjustment and connected the binding 
posts A and B in series with the circuit, current is allowed 
to pass through the coils. The movable coil will no longer 
remain at right angles to the fixed coil, but will turn about 
it, thus carrying the index q off the zero point. The knob z 
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should then be turned until the index q again points to zero. 
When this occurs the pointer p will be found to have been 
turned through a certain angle indicated by the number of 
degrees on the scale. 

579. What relation is there between this angle and the 
current passing? 

The force of torsion or twist is proportional to the angle 
of torsion. As the angle through which the screw is turned 
in order to keep the movable coil at zero is an exact measure 
of the torsion applied, the force necessary to produce that 
angle must be proportional to the force acting between the 
two coils and due to the current circulating through them. 
This force varies as the square of the current strength, so 
that the current strength is proportional to the square root 
of the angle of torsion. 

The best method for determining the current for a given 
angle is to use a calibration curve, which is furnished by the 
makers of the instrument, and is drawn when the instrument 
is being standardized; this shows directly the current cor- 
responding to each number of degrees on the scale. 

580. What are the advantages and disadvantages of the 
Siemens dynamometer for measuring currents? 

Accurate results can be secured in measuring both direct 
and alternating currents, and these results are independent 
of the frequency and form of the alternating current. Hav- 
ing no iron or permanent magnets, the constancy of the meter 
depends upon the spring t, which experience shows does not 
change from year to year. 

The instrument, however, must be kept carefully leveled 
and free from outside magnetic influences. Not being a 
direct-reading instrument, some time is required for obtaining 
a reading, and the dynamometer is of little practical use when 
the current fluctuates rapidly. Whenever it is necessary to 
move the instrument, the screw m, Fig. 182, must be turned. 
This raises the movable coil by raising the arm n, and holds 
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it firmly in place, thus preventing any injury to the sus- 
pension system. 

581. What are the usual sizes in which Siemens dyna- 
mometers are made? 

They are made in sizes of 20, 60, 200 and 500 amperes. 

582. Explain the operation of the Kelvin balance. 

The Kelvin balance depends for action upon the force either 
of attraction or repulsion, exerted between adjacent portions 

© s fes; — == ^v 




Fig. 184. — Diagram of Kelvin Balance. 

of an electrical circuit. In order that this magnetic force 
shall make itself evident and be measurable, it is of course 
necessary that one portion of the circuit be movable. As 
suggested by the name, the movable part takes the form of 
a balance arm supporting at each end a coil of wire, as 
shown at a and fe in Fig. 184, which represents a diagram of 
the balance. The balance arm is forced upward or down- 
ward by the action of the stationary coils c and d, e and /. 
The movement of the balance arm is opposed by weights^ 
which are placed in a carriage represented at u. Fig. 185, 
where a perspective view of the instrument is shown. Hence, 
by adjusting the weights and the position of the carriage u 
along the balance arm m n, a certain position of the carriage 
may be found where equality exists between the force exerted 
by the electric current and the opposing force of gravity; 
this equality being attained when the pointer p at each end 
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of the balance indicates zero. The strength of the current is 
then read off approximately on the upper scale, or with 
greater accuracy on the lower or finely divided scale. 

The various coils are wound with coarse or fine wire, aecord- 

^og to the range or use of the instrument, and the movable 

coUs 3 and b are connected so as to produce opposite polarities 

"1 their upper faces; one having a north pole uppermost, 

*ne other a south pole uppermost. This produces an 

aatatie " system, so that the meter is not affected by the 

eartji'g field nor by nearby magnetic fields, providing the 

■"istrument is placed in such position or at such a distance 

' *^ to render the nearby field practically uniform in its effect 

' ***•■ the movable coils. The stationary coils are so connected 

"^ to act together in forcing the balance arm one way or the 

^Che balance arm is supported at its center by two trunniona 

'•■^icated in Fig. 184 by x and y. These trunnions have each 



1 




Fig. 185.— Kplviii Balance, 

an elastic ligament of fine wire through which the current 
passes into and out of the circuit of the movable coils. If 
the ligaments become stretched after the instrument is 
standardized, the index at one end of the balance arm will 
be found to be below the middle line on the vertical scale 
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when the index at the other end is pointing at zero. The 
error so introduced will be a small one, but may be eliminated 
by loosening the screws and adjusting the scales so that the 
difference between the zero point on the scale and the position 
of the pointer is equally divided on both sides. 

583. Can the range of the Kelvin balance be increased 
by the use of weights? 

Yes; each balance is provided with four pairs of weights 
for this purpose, of which the carriage u, Fig. 185, and its 
counterpoise placed in the trough r at the end of the balance 
arm constitute the first pair. The carriage slides on an ap- 
proximately horizontal graduated arm m n, attached to the 
balance arm. The apparatus shown at s is used to move the 
carriage u, and consists of a slider, one arm of which projec 
upward between the projecting arms of the carriage. B 
means of an attachment to the curved arm of the slider, i 
is possible to cause a very small movement of the carriage 
The slider is moved along the guide i i by means of th 
cords attached to both ends. By this arrangement an ad 
justment of the carriage is easily made by hand, eve 
when a glass case is placed over the working parts to elimi 
nate any errors introduced by air currents acting on th- 
balance arm. 

When the range of the instrument is to be increased ov< 
that obtainable with the first pair of weights mentioned, 
larger counterpoise is placed in the trough r in the pla 
of the one corresponding to the weight of the carriage alon 
The weight corresponding to this larger counterpoise 
placed on the'carriage u and a balance obtained, as previousl 
described, by moving the carriage along the graduated scaL 
The strength of the current is then read off approximate 
on the upper scale, or with greater accuracy on the lowe 
or finely divided scale as before. The weights and countei"=— 
poises are adjusted in the ratio of 1:4:16:64, so that eacfc«- 
pair makes the range of the balance double that of the 
lighter weight and counterpoise. 
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584. In what sizes are the Kelvin balances made? 

They are made in sizes of 1/100 to 1 ampere, 1/10 to 10 

a-xuperes, 1 to 100 amperes, 6 to 600 amperes and 25 to 2500 

a^xuperes. These Kelvin balances are designed to carry their 

aximum current sufficiently long for taking a reading, and 

per cent, of this current continuously. 

585. What advantage, if any, does the Kelvin balance 
Possess over the Siemens dynamometer? 

The Kelvin balance is a much more accurate instrument; 

^^^ fact, it is the most accurate of all instruments for meas- 

^^ing alternating currents and is frequently used as a 

standard in the calibration of other ammeters. It is also 

^ <iirect-reading instrument, whereas the Siemens dynamom- 

is not, and is equally well adapted to the measurement 

toth direct and alternating currents. 

S86. Mention any precautions that should be observed 

^he use of the Kelvin balance. 

or the most accurate results a glass case should be placed 

r the working parts while taking a measurement, in order 

t air currents may not affect the movement of the balance 



To insure accurate observations either when reading the 

^^^eition of the carriage or in adjusting the zero position, 

►^ should be made of the lens provided for this purpose. 

le vibrations of the balance arm may be checked so as to 

"^^-cjilitate reading, by bringing the slider arm, which moves 

^^€ carriage, lightly in contact with it in such a way as to 

^^oduce a little friction without moving the carriage. 

A.LTERNATING-CURRENT STATION AMMETERS 

587. Upon what principles does the action of alternat- 
^*ig-current station ammeters depend? 

The usual types of these meters depend for their operation 
'^pon the same principles made use of in the alternating- 
current portable voltmeters already explained. There are. 
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therefore, alternating-current station arametere of the moving 
coil type operating by reason of the mutual magnetic attrac- 
tion between two coils through which the cuiTent \a led ; alter- 
nating-current station ammeters of the inclined coil type aa 




shown in Pig. 186; alternating-current station ammeters of 
the hot-wire type for special high-frequency currents; and 
there are also alternating-current station ammeters of the 
induction type. 

588. Illustrate and describe an alternating-current sta- 
tion ammeter of the induction type. 3 

Referring to Pig. 187, which shows in two views the front 
and side of an ammeter of this type designed to be mounted 
with its face flush with the front of the switchboard, it is , 
seen that the scale which measures 14.5 inches in length, on ■ 
account of being circular, enables the meter to be made small 
— only 9 inches across — so that it occupies comparatively little J 
space on the switchboard. 

The mechanism is sho^vn in Fig. 188j the cHBe and acald 
having here been removed. Referring to Fig. 189, which i 
a diagram of the mechanism, the outline of the laminated^ 
iron circuit with its annular air gap can be plainly seei 
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rine movable part comprises an aluminum drum pps s rotat- 
Hg in the air gap of the electromagnet formed by the 




Fig. 1S7,— Alttrnating-Cui-rent Station Ammeter of Induction Type, 

laminated iron circuit just mentioned and the coils PP and 
SS, through the former of which passes the current to be 




i 



Fig. IST with Cast- and Sciile Removed. 



measured. The coils S 8 constitute the secondary winding, 
which is short-circuited on itself. The primary winding P P 
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and the secondary winding 8 8 bear the same relation to each 
other as the primary and secondary windings of a current 
transformer and their currents are similarly related. The 
dotted lines represent the various magnetic fluxes produced 
by the currents in the coils. Thus, the operation of this 




Fig. 189. — Diagram of Ammeter in Fig. 187, 



induction type of meter is due to a combination of the actions 
in a current transformer and an induction motor. 

The movable aluminum drum carries a shaft on which isr 
mounted the pointer and an aluminum damping disc d, Fig. 
188, the latter of which is under the influence of two per- 
manent magnets m and n. The damping action of the mag- 
nets on the disc not only facilitates readings being taken on 
circuits carrying fluctuating loads but also prevents a violent 
swing of the pointer on overloads or short-circuits. One of 
the electromagnet coils can be seen at c in Fig. 188, and at a 
is a spiral controlling spring which restrains the rotation 
of the movable shaft of the meter when in circuit, which 
otherwise would revolve continuously as a motor. 
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589. What are the points of relative superiority of the 
commonly used types of alternating -current station am- 
meters? 

Disregarding the hot-wire type, which is very seldom used, 
8 fair comparison of the best representatives of the moving 
coil type, the moving iron or inclined coil type, and the 
induction type is given in the following table : 



MoviMo Coil 


UoyiNQ Iron 


Inddotidn 


iDiliil AicoiHCj' Highesi 
Ratio or Torqae [0 Weight Low 


Good 


Good 


Low 


High 


Knggednege Delicate 




"& 


Fr«|iiEnoj EiTOm None 






SliKht 


EilernBl Fields Hesvj ahielatug require! 


SiiRht 


Sli^llt 


• Heavy sEieldinB 


Very rtlBhtly 



590. What provision is made for safely measuring alter- 
nating current in high-potential circuits? 

A series transformer such aa shown in Fig. 190, in used in 
comiection with the ammeter. In this General Electric trans- 




itli Ammeter in Meaatiring 



former, the primary winding, denoted by p, is connected in 
circuit by means of the terminals a and c, and the secondary 
winding s is joined to the meter by means of its terminals e, 
etc. The laminated iron core around which both windings 
are wound is shown at i. This transformer can be used on 
circuits having voltages up to 15,000 with currents up to 800 
amperes, and will give a secondary current up to 5 amperes. 
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WATTMETERS 
SQi. For what purpose is a wattmeter used? 
To measure the power, in watts, being supplied to a circuit. 
592. Is the wattmeter a direct -reading instrument? 

Yes, it gives instantaneous values of the watts in a circuit 
upon the pressing of a key. 

593- Illustrate and describe the construction of a watt- 
meter. 

A wattmeter of the portable indicating type depending for 
its operation upon the magnetic action between movable and 
fixed coils is shown in Fig. 191 and a diagram of its eonstruo- 




Fig. 191. 



ilicnting Wnttmeter. 



tion and connections is given in Fig. 192, the corresponding 
parts in both iHustrationa being lettered alike. A and B 
are the current terminals, and a, h and c the pressure 
terminals, a and c being the ones used when the pressure is 
not over 75 volts, and a and h when the pressure is between 
75 and 150 volts. 

The interior circuits and exterior connections of this watt- 
meter are shown in Pig. 192, where T is an alternator supply- , 
ing current to the circuit in which x y represents a resistau 
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or load, such as lamps or motors. If, now, it be desired to 
measure the power in watts supplied to the circuit x y, the 
wattmeter is connected as shown, the pressure coils repre- 
sented by the light zigzag lines at e d being connected to the 
same side of the load x y, as are the corresponding current 




Fig. 192. — Circuits through the Indicating Wattmeter in Fig. 191 
and Its Connections for Use. 



coils represented by the heavy zigzag lines at e d; this method 
of connection is followed to avoid a high potential difference 
between the coils. 

594. How does this form of wattmeter operate? 

Supposing the current enters at B, passes around the cur- 
rent coils d and e in opposite directions and out at A, In 
the pressure circuit the current at the same instant enters 
at a, passes down the fine wire, around the coils e and d in 
the opposite direction to the former current (the wire of 
the two sets of coils being wound in opposite directions), 
and then passes through the movable coil c, the key k and 
the resistance R, leaving the instrument at b. 
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The two circuits through the coils e and d are wound in 
opposite directions in order to neutralize the deflection which 
would be caused by the potential coil c if the load circuit x y 
were opened. If it were not for this differential winding 
there would be a deflection representing a number of watts, 
but as no power would be supplied to the circuit x y, and as 
it is intended the instrument should measure only the power 
actually transmitted, any deflection of the coil c, and con- 
sequently of the pointer p, would be incorrect. 

595. What is the limiting range of measurements for 
the wattmeter in Fig. 191? 

This meter is made for a maximum reading of 150 watts, — 
this with a maximum safe current-carrying capacity of two 
amperes, normal one ampere, and a maximum voltage of 150, 
which is sufficient for measuring the watts expended in 
incandescent lamps and other devices using small amounts 
of electrical energy. 

Unless it is definitely known that the pressure to be meas- 
ured does not exceed 75 volts, the pressure leads should be 
connected to the terminals a and h, which take in the total 
resistance R, Fig. 192; if, then, the pressure is found to be 
75 volts or over, the connection is all right, but if under 75 
volts the lead connected to h should be changed to the 
terminal c as this takes in only half the resistance R and con- 
sequently gives a more accurate reading. 

For higher voltage than 150, a multiplier is connected in 
series with the pressure leads, and the readings on the scale 
are multiplied by the proper multiplying factor which is 
obtained as described in Answers 530 and 531. P^'essures 
up to 2250 volts may thus be measured in connection with 
the current, providing the latter does not exceed the one 
ampere limit of the meter. 

596. Are portable wattmeters made in any other form 
than that shown in Fig. 191? 

Yes, another very common type of portable wattmeter is 
that shown in Fig. 193. This meter operates by reason of 
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the magnetic attraction between the inclined coil c and an 
oblong piece o of soft sheet iron mounted on a spindle to 
which the pointer e is also attached. The reader will recog- 
nize this construction as similar to that in the inclined eoil 



I 

I 




voltmeter shown in Fig. 17^ and described in Answer 561, 
and consequently will understand the operation of this meter 
without further explanation, 

RECORDING VOLTMETERS, AMMETERS AND 
WATTMETERS 

597. Do recording voltmeters, ammeters and wattmeters 
operate on the same principles as the indicating voltmeters, 
ammeters and wattmeters previously described? 

No. Recording meters, as usually made for direct- and 
alternating-current circuits, operate by the action of a solenoid 
either upon a combination disc core armature or a plunger. 

598. Illustrate one of these recording meters that op- 
erates on the first principle mentioned, and describe its 
operation. 

Pigs. 194 and 195 show, respectively, front and inside 
views of a common form of recording ammeter for direct 
current up to 600 amperes. In Fig. 195 the case has been 
removed to show the working parts. The solenoid, consisting 
of two coils of wire, is enclosed at « a, and its effect depends 
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npon the current passing through the meter which is con- 
nected in aeries with the circuit at the terminals m and s. 

The moving element consists of a combination disc armature 
and light iron core, mounted on a non-magnetic shaft ex- 
tending through the solenoid. Each end of this shaft is sup- 




Kig. 11)4. — Recording Aiiimeter. 

ported by a vertical steel spring. The combination disc core 
armature is attracted toward the stationary solenoid when 
the current flows. Although the actual distance that the 
armature itself moves is small, it transmits an angular motion 
to the pen arm b, resulting in a wide range of movement. 
At / is a damping device which consists of a box filled with 
oil in which moves a light vane attached to the armature. 

A circular disk is revolved about the center c, with a uni- 
form rate of motion, by means of the cloek-work shown at d. 
Pig. 195. On this disk is fastened a paper dial e, Fig. 194, on 
which are printed circles, as at o, etc., to indicate the current 
■when the pen arm 6 is swung outward from the inner circle 
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onto or near one of the other eirclea. There are also radial 
lines, as at n, extending from the center to the outer rim of 
the dial, marking the divisions of time, each line representing 
one hour of the twenty-four and being so designated at the 
outer extremities. Intervening lighter lines indicate fractions 




Fig. 195.— Interior of Recording Ammeter in Fig. 194. 

of hours. The end of the arm b is provided with a self -inking 
pen, which traces a line on the dial as the latter revolves, and 
thereby continuously records the current in the circuit to 
which the meter is connected. 

599. Is there an instrument called a maximum-current 
recorder? 

Yes. The maximum-current recorder is employed to de- 
termine the greatest strength that the current attains during 
any given period of time. If used in connection with a 
recording watt-hour meter it furnishes a means for determin- 
ing maximum current demand and load factor as a basis for 
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rates on systems where the charges are governed by the 
maximum demand and power delivered. Although the instru- 
ment records the maximum demand of the connected loacj it 
does not indicate the time at which the maximum occurs. 

600. Illustrate and describe the operation of a maximum- 
current recorder. 

The diagram, Fig. 196, illustrates the principle of opera- 
tion in a simple form of such a meter. One side of a circuit 
in which it is desired to determine the maximum use of cur- 
rent is opened and connected to the terminals a and 6 of the 
meter. The wire c which connects these terminals passes 
around the glass bulb m^ which is hermetically sealed and con- — 
nected to the glass tube d holding a liquid v. 

The heat developed by the current in the wire c expands ^ 
the air in the bulb m, which forces the liquid down in th e 




Fig. 196. — Diagram of Maximum-Current Recorder. 

left-hand column of the glass tube and up in the right-ha 
column. If the current be sufficiently high, the liquid in t 
right-hand column will run over into the central tube 
where it must remain until the instrument is readjusted. 
scale back of the tube n, calibrated in amperes and watt^ 
enables the height of the liquid in the tube n to be measure 
in these terms. If the maximum load lasts 5 minutes, 9 
per cent, will register ; if 10 minutes, 95 per cent, will register*' 
and if 30 minutes, 100 per cent, will register. 

After a reading has thus been taken and recorded for 
ecrtaiii Icnjj^th of time, the liquid is returned to the oute:^ 
tul)(\s by ti|)])inp: up the apparatus, which is hinged at the topT 
to permit of this being done. 
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6oi. Are maximum-current recorders made in any other 
form? 

Yes, there is another form in which the indications are 
given by a pointer on a scale. This instrument comes as a 
J5>| part of a watt-hour meter for use on alternating-current 
circuits and operates on the induction principle. The shafts 
of the two pointers are geared together, the maximum demand 
being indicated by a pointer sweeping over a 4-inch scale 
snd the watt-hour load on a 4-dial counter. 

602. What is a watt-hour meter? 
A recording wattmeter which registers on an indi- 

C€i.tor the amount of electrical energy in the circuit in which 

i^ is connected ; in other words it records the watts of power 

5^X^erating over a given time in hours, that is, the watt-hours. 

e watt-hour meter is installed on the premises of the con- 

mer and the monthly readings taken from it form a basis 

r reckoning the amount of the bill for the quantity of 

^ectricity used. 

603. Show the working parts of a watt-hour meter and 
acplain their operation. 

Pig. 197 shows the working parts of a watt-hour meter 

or direct-current circuits up to 600 volts. It registers di- 

ectly on the dial d, the kilowatt-hours up to 30 kilowatts, 

nd comprises a small direct-current motor mf for causing 

otation of the spindle or shaft i that operates the pointers 

K)n the dial, and a generator p g which provides the necessary 

load or drag so that the rotation is kept down to the desired 

amount. 

The motor is without iron in its fields and armature. The 
armature m is spherical and is composed of very fine wire 
wound on a light paper shell; it revolves within the circular 
shunt-field coils /, which are wound with ribbon wire, and 
placed as near each other as possible on either side of the 
armature without touching it. The armature rotates at a 
very low speed so it has little or no counter electromotive 
force. The armature current is therefore independent of 
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the speed of rotation and ia constant for any definite potential 
applied at its terminals. The torque of the motor being pro- 
portional to the product of its armature and field currents, 
mnst vary directly as the energy passing through its coils. 

In order, then, that the meter shall record correctly, it is 
necessary only to provide some means for making the speed 
proportional to the torque, and this is done by applying a 
load or drag, the strength of which varies directly as the 
speed. The electromotive force induced in n conductor pass- 




Fig. Iii7.- 

ing through a field of constant strength is proportional to 
the number of magnetic lines of force cut in a given time 
therefore, if the resistance of the conductor remains constant, 
the drag is proportional to the speed. This condition ia pro- 
vided by mounting an aluminum disk g on the motor shaft 
and having it pass between the jaws of the permanent mag- 
nets p, etc., the latter of which furnishes the field of constant 
strength referred to above. 

The terminals of the meter are located at (, from which 
the current is led through a commutator on the shaft i, above- 
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the armature m and behind the dial d. It is also at this 
point that the motion of the shaft is transmitted to the 
pointers on the dial through a system of gear wheels. 

604. On alternating-current circuits should a different 
form of watt-hour meter be used than on direct-current 
circuits ? 

A watt-hour meter operating on the induction principle, 




preferable for alternating-current 



■without commutator, 
circuits. 

605. Illustrate and describe a common form of watt-hour 
meter for alternating-current service. 

Figs. 198 and 199 show the working parts of a single-phase 
watt-hour meter, the former the front of the meter with cover 
removed, and the latter the rear of the meter with the entire 
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case removed. The working parts comprise principally the 

field magnets, the moving element, the retarding element, 
the registering mechanism and the power factor adjustment. 
The field magnets comprise both series and shunt coils; 
the former of few turns and low inductance are connected 
in series with the circuit to be metered, and the latter of hiRh 
inductance arc connected across the circuit. The currents in 
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the series and shunt coils are 90 degrees displaced vr^mLtJi 
respect to each other when the current is in phase with "fc- 3e 
voltage (100 per cent, power factor), and the coils are 
mounted on the core that the currents in them produce 
rotating or shifting field, the strength of which is propc:»f- 
tional to the product of the volts, amperes and power factc»r, 
and is therefore a measure of the actual power. 

The moving element consists of a light metal disk revolvi^^j 
through the air gap in which the rotating field is produce <d. 
Currents are induced in it which combine with the rotating 
field to produce a torque or field proportional to the power 
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in the circuit and this torque is counterbalanced by the 
retarding element so that the speed of the disk is exactly 
proportional to the torque. 
The retarding clement consists of two permanent magnets 
mounted on that side of the meter diametrically opposite to the 
field coils and between the poles of which the metal disk of the 
moving element rotates. The magnet poles develop an elec- 
tromotive force between the inner and outer parts of the disk 
that sets up eddy currents in it which consume the power 
passing through the field magnet eoila. 

The registering mechanism eompriaea the dials, pointers 
. and the gear wheels necessary to secure the required reduc- 
m^ tion in speed to enable the dials to register directly in watt- 
^B hours. A power factor adjustment consisting of a short- 
^P cji'cuited loop of variable resistance enclosing part or all of 
" the shunt field flux, and acting like the secondary of a trans- 
former, enables the phase angle between the shunt and series 
'lolcl currents to be made exactly 90 degrees with 100 per 
•^eiit. power factor in the metered circuit. This is a necessary 
^*3justment to be made in order that the strength of the 
'"**t:ating field be a measure of the actual power in the circuit 
"^Gtered.^a condition upon which the proper operation of 
'"^ instrument depends. 

6o6. If the pointers on the dials of a watt-hour meter 

^^'^^iicate as shown in Fig. 200, what is the correct reading? 

^'onsidering, first, the position of the pointer on the scale 

tui-tliest to the riglit, it is seen to be on 3. One complete 

"^"^■olution of the pointer on this scale indicates 1000 watt- 

^**Urs. each of the ten divisions being equal to 100 watt-hours. 

*"c 3, therefore, on the right-hand scale denotes 200 watt- 

^om-8_ Passing to the next scale to the left, the pointer on 

*'>>8 has just passed 6. According to the figures outside this 

**^1«. every complete revolution of the pointer on it denotes 

^0,000 watt-hours; consequently the 6 point indicates 6000 

*att-houra. Thus, the sum of the readings on the two scales 

^h«a far considered is 200 plus 6000 or 6200 watt-hours. The 
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third scale from the right registers considerably over 1, Since 
one complete revolution of the pointer over this scale equals 
100,000 watt-hours, the 1 denotes one-tenth of 100,000 or 
10,000 watt-hours, making the total thus far amount to 
16,200 watt-hours. As the pointers on the fourth and fifth 
scales from the right have not passed 1, no reading is taken 




Fig. 200.— Watt-IIour Meter Dial shown to Illustrate the Method of 
Reading the Scales. 

on them, so that 16,200 watt-hours, or 16.2 kilowatt-hours, is 
the correct reading of the dial illustrated. 

In practice, there would be subtracted from this reading 
the reading taken on the dial the previous month, and the 
difference would be the number of watt-hours or kilowatt- 
hours on which the monthly bill is reckoned. Special care 
should be taken in case the pointer on any scale appears to 
be exactly on a division, to determine whether the figure on 
the division has been passed by the pointer. This is deter- 
mined by referring to the position of the pointer on the scale 
next to the left, for if the latter has not passed the division 
near it, it implies the division in doubt has riot been passed. 



GROUND DETECTORS 

607. What are ground detectors? 

Instruments or devices for indicating a *' ground," or acci- 
dental connection between the earth and a conductor intendeds 
to be insulated from the earth. 
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608. Are ground detectors adapted for use on both low- 
and high-potential circuits? 

Yes; but in the latter case a more complicated device is 
necessary than in the former one. 

609. Illustrate and describe a ground detector for low- 
potential circuits. 

A simple low-potential ground detector is shown in Fig. 
201. It consists of two incandescent lamps c and d, each of 
the voltage of the low-potential circuit m n. These lamps are 
connected in series with each other, and one of the terminals 
is connected to the main conductor m at r, and the other 




Fig. 201. — Simple Form of Ground Detector for Low-Potential Cir- 
cuits. 



terminal is connected to the conductor n at s. Between the 
lamps, at 7i, is ** tapped '' a wire which runs to the ground g. 
If the difference of potential between the wires m and n 
is the same as the rated voltage of each of the lamps, they 
will each be supplied with half the rated voltage, since they 
are connected in series, and will show dull red. If, however, 
the wire m becomes grounded, there will be no difference of 
potential between the points r and Ji, and the lamp c will be 
short-circuited and remain dark. And, since the points r 
and A are of the same potential and the full voltage of the 
circuit exists between m and n, the full voltage will be sup- 
plied between s and g, or between s and Ji, and the lamp d 
yfiYL bum brightly. When the ground is on the wire n, the 
lamp c will burn brightly and the lamp d will be dark. A 
means is thus provided for instantly determining where and 
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when a " ground ' ' occurs ao that the trouble may be remedied 
before it has time to develop to any serious extent. 

6io. Illustrate and describe a ground detector for high- 
potential circuits. 

Fig. 202 shows the working parts of one of these instm- 
ments. A vane v, composed of sheet aluminum, is pivoted at 
the center o, and is free to revolve ; it is electrically connected 
with the ground and has attached to it a pointer p which 
indicates the position of the vane. Secondary fixed vanes, 




shown at a, b, c and d, are supported on insulators at a short 
distance from the back and base of the instrument. The 
wire r connects together a and d, so that the polarity of the 
pair will be the same when either vane becomes charged. 
In like manner, b and c constitute a pair of equal polarity, 
being connected by the wire Ji. There are two other vanes, e 
and /, one behind each end of the vane v; they are embedded 
in the back of the instrument and are in reality not visible, 
but arc shown here in order that their purpose may be clearly 
explained. The sheets e and / are the primary vanes, and 
are connected one to each side of the circuit leaving the 



ELEOTRICAL MEASUREMENTS AND INSTRUMENTS 361 

station. These vanes will be charged when there is current 
on the line wires, and since they are connected one to each 
side of the circuit, one vane will be charged negatively when 
the other one is charged positively. Taking any particular 
instant when the vane / is charged positively, the vane e will 
be charged negatively. When / is charged positively it will 
induce a negative charge on the vane d, and at the same time 
e will induce a positive charge on the vane c; a, being elec- 
trically connected to d, will also be charged negatively, and b 
will be charged the same as c, or positively. At this instant 
d will have a tendency to induce a positive charge in the 
vane v at x, but 6 will have an equal tendency to induce a 
negative charge there, and the action of the two forces will 
be neutralized. The same reasoning applies to w, and the 
Vane v will therefore remain in the neutral position between 
"the two pairs of secondary vanes, and the pointer p will rest 
at zero on the scale Ji m. 

If, now, a ground occurs on the line wire with which the 
^ane / is connected, the vane v, being also grounded, will be 
electrically connected with / and therefore charged positively, 
or the same as /. The vane h, however, is also charged posi- 
tively by induction, and will repel the end x of v, while d, 
ivhich is negative, will attract it. In the same manner the 
vane a will attract and the yane c will repel the end w of the 
vane v. Then, since all of the four secondary vanes tend to 
revolve the movable vane v in a clockwise direction, the 
pointer p will move toward h on the scale Ji m and will, by its 
position, indicate roughly the relative conductivity of the 
ground. When the ground is on the wire connected to the 
vane e, the pointer p will move toward m, for the polarity of 
each secondary vane will then be reversed. 

The working parts. Fig. 202, are mounted on a marble 
base at the back of the instrument and are enclosed and pro- 
tected from injury by a glass case. The glass case enables 
all of the parts except the primary vanes to be plainly seen. 
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MISCELLANEOUS STATION INDICATING 
INSTRUMENTS 
6ii. Are there any other indicating instruments in 
common use in the station in addition to those previously 
considered? 

There is a frequency meter, a power-faetor meter and a 
synchroscope which are worthy of note. 

612. What is a frequency meter? 

A frequency meter, Fig. 203, is used for indicating directly 
the " frequency " or number of cycles at any moment in an 
alternating-current circuit. It operates on the induction plan 
and consists of two voltmeter electromagnets acting in oppo- 
sition on an aluminum disk attached to the pointer shaft. One 
of the magnets is in series with a reactor and the other with a 




resistor, so that any change in the frequency will mbalanee 
the forces acting on the disk and cause the pointer to assume 
a new position, where the forces are again balanced The fre- 
oueney meter is not influenced by voltage variations, and its 
Lie is generally calibrated from 20 to 30 for 25-cyele cireuita 
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■ and from 45 to 75 for 60-cyele circuits. When used on cir- 
cuits exceeding 100 volts, a transformer is required. 
613. Describe a power-factor meter. 
The power-factor meter, Fig. 204, is used for ascertaining 
tlie power factor of an alternating-current circuit. This in- 
strument gives readings which are the ratio of the true watta 




Fig. 204. 



in the circuit (as indicated by a wattmeter) to the apparent 
watts (the product of volts and amperes). 

It operates on the rotating field principle. A rotating field 
is produced by currents of the metered circuits in angularly 
placed coils, one for each phase of the system in the ease of 
polyphase meters. In this field is provided a movable iron 
vane or armature, magnetized by a stationary coil with 
cnrrent in phase with the voHage of one phase of the cir- 
cuit. As the iron vane is attracted or repelled by the rotating 
Held of the cuiTcnt coils, it takes up a position where the 
Bero of the rotating field occurs at the same instant as zero 
of its own field. Thus its position indicates the phase angle 
between the voltage and current of the circuit. In the three- 
phase meter the rotating field is produced by three coils 
spaced 60 degrees apart ; in the two-phase meter by two coils 
spaced 90 degrees; in the single-phase meter the positions of 
the voltage and current coils are interchanged and the rotatr 
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iag field is prodaced by means of a split-phase winding con- 
nected to the volta^ eircoit. 

The upper half of the dial indieales the power factor for 
lagging or leading currents when power is being delivered in 
one direction, and the lower half gives similar indications 
for power delivered in the opposite direction. In this way 




Fig. 205, 



the power-factor meter may serve to show a reversal of the 
direction of power transference. These instrumentB are made 
for single-phase, two-phase and three-phase circuits, for 25 
to 60 cycles and in sizes up to 2000 volts and 2000 amperes, 

614. Illustrate and describe a synchroscope. 

The synchroscope, Fig. 205, is used in connection with the 
parallel operation of alternators to show the amount by 
which one machine may be out of phase with another and 
whether it is running too fast or too slow. Its mechanism is 
similar to that of the power-factor meter. Fig. 204, for single- 
phase circuits, and is arranged so that the pointer will revolve 
at a rate equal to the speed difference of the connected ma- 
chines. By the direction of rotation of the pointer, the 
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sjmchroscope shows whether an alternator about to be con- 
nected in parallel with another already in operation is running 
too fast or too slow. If the speeds are the same, the pointer 
will show the angle of difference in phase between the 
machines, and when the machines are in phase the pointer 
will coincide with a dummy pointer painted on the disk of 
the instrument. 



SWITCHBOARDS 

615. What is a switchboard? 

A switchboard as employed in modem electrical station 
work is a strong, non-inflammable support for the controlling, 
indicating and protective apparatus used in connection with 
generators and other electrical machinery. It is, therefore, 
more than its name implies — a board for switching — ^although 
this name in former years was accurately suggestive of the 
sole purpose for which it was employed. 

616. Is a switchboard an essential part of the equipment 
of every electrical station? 

A small station or isolated plant containing one generator 
supplying current to a single circuit does not absolutely re- 
quire a switchboard, although a switchboard would be of 
great convenience in its operation. If the station or plant 
contains more than one generator, or supplies more than one 
circuit with current, a switchboard is more than a conven- 
ieuee, it becomes in a practical sense a necessity. It not only 
simplifies the wiring of the station by providing a central 
point to which the conductors from the generator or gen- 
erators run, and from which, through the intervention of 
switches, the distributing wires branch out, but it affords a 
convenient and safe location for the electrical measuring or 
indicating instruments, the controlling rheostats and the 
safety devices used in connection with the generator or gen- 
erators. If properly designed and constructed it also pro- 
tects the station building from fiire risks and the station 
attendants from accidents. 

LOCATION 

617. What factors govern the location of a switchboard 
in a small station? 

In a small station there is often but one attendant to care 

866 
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for the switchboard, the generator, the engine and other ma- 
chinery. In such a ease the relative positions of all the station 
apparatus should be such that each may receive the necessary 
attention with the greatest possible ease and safety. When 
the engineer is at the switchboard he should have an unob- 
structed view of the engines, and also should be able to see, 
for example, the commutators of the generators. When he 
is at the engines or attending to the generators he should be 
able to see the switchboard instruments clearly, and know 
fairly well where their pointers stand. 

It is important to provide against accidents, but it is 
equally important to be prepared for prompt and proper 
action when a mishap does take place. In electrical plants, 
as well as elsewhere, troubles are liable to occur, and then 
the engineer, if he is alone, is needed in several places at 
once. It may be necessary for him to be at the engine throt- 
tle to prevent an accident, while at the same time the switch- 
board may demand his attention to prevent the generators 
from sustaining injury. For this reason it is good policy 
to have all the controlling devices as close together as possible, 
and it is particularly bad policy to have them separated by 
machinery of any description. It is criminal negligence to 
construct a plant in such a manner that an attendant^ in 
going from one part of his work to another, must pass dan- 
gerously near a moving belt or pulley, because when trouble 
arises a person has not the time to select his way carefully 
from one machine to another and is likely to take the short- 
est possible path. 

6i8. Give a plan of a small station and discuss the 
proper location of a switchboard therein, with respect to 
the factors just mentioned as governing it. 

Fig. 206 shows such a plan. Here a represents the boiler 
room and 6 the engine room. There are three generating sets, 
each consisting of an engine d and a generator e; steam is 
supplied by two boilers c and c, and the smoke is led to the 
chimney h through the uptake n. The building has been 
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made wide enough to provide for another set, room having 
been left for an engine and generator at /, and for a boiler 
at g. 

There arc several l<%ical locations for a switchboard in 
this plant. One is at k m line with the machines; another 
at I, at right angles to them at the nearer side of the room; 




another at (, similar to I, but on the opposite side of the 
room; and still another at p. The location k presents an 
advantage over the others as regards the nearby unobstructed 
view of the generators and engines from the switchboard, 
and of the switchboard from the machines ; also as regards 
the ease and quickness with which the station attendant can 
pass from one to the other. Its disadvantage is the risk to 
the attendant and the switchboard, incurred by being in line 
with the machines and belts where the flying apart of either 
would endanger both life and property. This disadvantage 
of the location k is therefore sufficiently serious to over- 
. balance its good points and eliminate it from further con- 
sideration. 

The location I, although affording easy access to the ma — 
chines and being free from the danger of flying parts, >«= 
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tjectionable on account of the obstructed view of the cora- 
Lntators, it being seen that these parts of the generators are 

I the further side of the machines. 

The location ( partially obviates the disadvantage of the 
ieation I, but is not quite as convenieiit to the machines. On 
he whole, liowever, it is the best location thus far coi 
idered. 

The location p, next to that at k, affords the best view 
nd easiest access to all the machines. It is also free from 
ke danger of flying parts, and unless it is certain that an 
dditional generating set will be required in the future the 
^tchboard should be placed at this point; otherwise it< 
bould be located at t. 

619. Do the factors given in Answer 617 as governing 
he location of a switchboard in a small station apply in the 
ase of a large station? 

; because in a large station there are several attendants 
Iways on duty and the work of each one is confined within 
, limited space. In a large station the generating units arc 
suatly of the low-speed direct-connected type and not only 
! such machines less liable to fly apart from centrifugal 
■ce, but they are more compact and thus more easily and 
nickly reached. There is less objection, in stations equipped 
(ith low-speed direet-eonnected sets, to placing the switch- 
lard in line with the machines than there would be in sta- 
jtms equipped with belt-driven generators, but owing to the 
3 staff of employees in a large station, and the accessi- 
flity of the machines, it is rarely necessary to place it there. 
In large stations the switchboard is often placed on a gal- 
ry overlooking the machinery, as in Pig, 207. This is 
Bsible where an attendant is provided especially for the 
lard, but obviously in a small plant such a scheme would 
1 impracticable. The advantages of a switchboard gallery 
« saving in floor space; accessibility to overhead linc-wirea; 
Kedom from moisture; less danger, if fire should originate 
t the switchboard, of its reaching adjacent combustible ma- 
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terial ; and, in high-voltage systems, protection of station em- 
ployees from serious or fatal shocks. 

620. Mention some considerations that should goverr 
the location of a switchboard in a low-voltage station. 

In a low-voltage station the drop in pressure between th* 
generators and the switchboard is an important matter. A» 



I 

I 




Fig. i(i7.— I.:nj;. J^li'Llik S^hitiiin » Iuil' a Switch board Gallery is 
AdvailUigL'OUa. 

extreme ease is that in which the current is used for elec- 
trolytic work. Here the electromotive force developed at the 
terminals of the machines may be but 5 volts, with an equiva- 
lent of approximately 150 amperes per horse-power. Where 
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tiy considerable amount of power is used for this kind of 
"ork, the loss in the conductors leading to and from the 
^itchboard, which is equal to their resistance multiplied by 
le square of the current, must be kept low by locating the 
^tchboard close to the generators. By thus shortening the 
ath of the current the resistance is made low and, in conse- 
Hence, the drop in pressure, the loss in conductors and the 
>st of making connections are lessened. 

iPor ordinary low-voltage work, where there is wiring on 
le back of the switchboard, there should be four feet of 
^ar space behind the board; a four-foot space allows sufB- 
^nt room for a man to work without being subjected to 
le danger of making false connections with his tools, or 
fining in contact with the wires. The blowing of a fuse, 
cr some other accident back of the board, will sometimes 
Biuse a dangerous arc which may result in serious bodily 
xjury, unless there is room to get out of the way. If the 
•"iring is entirely on the face of the switchboard, the board 
\B,y be placed against a brick or stone wall, although it is 
iiuch better to have the board set out a small distance. 

6ai. Should the space back of the board be closed in, or 
lot? 

This space should never be closed in, except by grating or 
iy wire netting, at the sides, top or bottom, as such an en- 
dosure is liable to be used as a closet for clothing or for 
storage of oil-cans, or rubbish. An open space is more likely 
U) be kept clean, and is more convenient for making repairs, 
examinations, etc. 

622. Is the location of a switchboard in a gallery as 
well adapted to an underground distributing system as to 
an overhead one? 

In general, conductors from the generators approach the 
switchboard from below, being led beneath the floor of the 
station from the machines to the board. The distributing 
conductors usually leave the board from above if the line 
[Yires are carried overhead, and from below in case of an 
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underground system. It follows from this that a switchboard 
mounted in a gallery is better adapted, as regards conven- 
ience in wiring, to an overhead distributing system than to 
an underground one. 

623. Mention some considerations that should govern 
the location of a switchboard in a high-voltage station. 

In a high-voltage station the fire hazard and the protec- 
tion of the employees from electrical shocks are matters 
which deserve special attention. Mention has already been 
made in Answer 619 of the advantages of a switchboard gal- 
lery in isolating the switchboard from adjacent combustible 
material and in protecting the station employees. Whether 
the board is mounted high or low, however, a space should 
be left between it, the floor and the ceiling, to prevent the 
extension of fire which may originate on the board. Unless 
the floor in the vicinity of the switchboard is of concrete or 
other fireproof construction, as in Fig. 207, a space of at 
least ten inches should be allowed between the floor and 
the board, and there should be at least three feet between 
the board and the ceiling. 

It is important to guard against water coming in contact 
with the board, for water seldom fails to cause trouble; a 
switchboard, therefore, ought never to be placed under or 
near a joint in a steam or water pipe. Automatic sprinklers 
and similar devices should be kept at a distance, since fire 
caused by electricity getting into the wrong path should 
not be extinguished with water. Damp air may also cause 
trouble, so the switchboard should not be installed near an 
outside door or window. It is, however, desirable to have 
plenty of natural light both in front and behind tKe board 
in the daytime, and provision should be made for artificially 
lighting these places at night. 

Whereas for ordinary low-voltage work four feet is suffi.- 
cient clear space to allow behind the board, from six to eig:l^t 
feet of clear space should be arranged for behind high-volta.ge 
switchboards. 



It is well to allow for a railing aroiinrl in front of the 
' switchboard, as this is often a protection for the station em- 
ployees, preventing them from coming into accidental eon- 
tact with live apparatus. In high-voltage stations, where 
remote control is not used on the switchboard, an insulated 
platform in front of the board has been found effective in 
safeguarding the switchboard attendant. 

624. What is remote control? 

In high-voltage stations where 5000 volts and above are 
Ptandled, it is not considered good practice to have high- 




voltage apparatus on the switchboard — only the measuring 
instruments connected to the secondaries of potential or 
current transformers, and the mechanical levers or electrical 
controlling switches. The main current-carrying switches 
are placed in fireproof compartments, of brick or soapstone, 
usually located directly behind the switchboard, if mcchanieal 
control is used, or in a gallery, basement or other convenient 
place, if electric or cleetropneumatic control is employed. 
This method of separating the indicating and controlling 
apparatus from the main current-carrying parts is called 
remote control. An installation of this nature is shown in 
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Fig. 208, where the switchboard is located in a gallery at a, 
with the transformers at the right and the high-voltage oil 
switches in fireproof compartments underneath the gallery 
at c. 

625. Does remote control affect the location of a switch- 
board ? 

It does not. Especially in the case of electric or electro- 
pneumatic remote control the switchboard may be located 
anywhere in the station, regardless of the position of the 
main current-carrying switches. 

626. What advantages are gained by remote control? 

Minimum danger of serious electrical shocks to the switch- 
board attendants and a lessened fire risk to the station and its 
equipment. 

CONSTRUCTION 

627. What general considerations govern the construc- 
tion of a switchboard? 

The construction of a switchboard depends to some ex- 
tent on the position and amount of space it will occupy; 
different conditions call for different plans. The number 
of machines in a plant and their character, the number of 
circuits to be supplied, the different combinations to be made 
and the controlling devices to be ulsed must all be considered. 
When it is remembered that the space allotted to each ap- 
pliance may vary considerably, and that the board may be 
high and narrow or low and wide, it will be seen that there 
are not many cases exactly alike. 

628. Of what materials are switchboards made? 
Wood, slate or marble. 

629. What may be said regarding wooden switchboards? 
Wooden switchboards were formerly the only type in use, 

and may yet be seen in some of the smaller plants. Their 
construction is excusable where material for something better 
is unobtainable. 
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A wooden switchboard should be built so as to reduce the 
fire risk as much as possible. To meet this requirement the 
hardwood, skeleton form of board illustrated in Fig. 209 is 
best adapted. It consists of vertical posts a, etc., to which 
are fastened a number of horizontal slats b, etc. The dimen- 
sions of the pieces depend upon the size of the board and 




Fig. 209. — Wooden Switchboard; Skeleton Form. 

the weight to be supported ; they should not be too small, 
since lightness in this construction increases the tendency to 
vibrate, and vibrations tend to destroy the usefulness of the 
instruments. The cross-pieces may be securely fastened by 
placing them partly or entirely in the posts, as shown in the 
illustration. The distances between those pieces are governed 
by the lengths of the bases upon which the instruments and 
other switchboard apparatus are mounted. The bases should 
be either of slate or marble. When small snap-switches and 
fuse blocks are screwed on, they should have under them 
a piece of asbestos of sufficient width to prevent a possible 
are from reaching the wood. All wires must be thoroughly 
insulated, and neither they nor the instruments crowded 
closely together. 

Oak or ash is best for the ordinary type of wooden switch- 
boards, and every piece of wood on the board should be 
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treated with a non-combustible paint which is also a good 
electrical insulator. Of late years, asbestos wood has come 
into use for switchboards. It is usually made into panel 
switchboards like marble or slate, and although costing about 
the same, is not as attractive as either of them, but is thor- 
oughly fire-proof, oil-proof and moisture-proof, and has high 
insulation resistance and mechanical strength. 

630. What may be said regarding slate switchboards? 
Slate switchboards are extensively used for circuits not in 

excess of 600 volts. The slate should be black or gray and 
of a uniform shade; without conspicuous veins, as the 
veins are liable to contain mineral deposits which lower 
the insulation qualities of the board. Each slab should 
therefore be tested and not accepted unless found to be 
free from mineral veins. A filling should be applied 
to the slate in order to prevent the absorption of moisture. 
Manufacturers treat the slate with enamel paint, partly 
burning it in; the surface then becomes very hard and may 
be polished and grained so as to make it appear like marble 
or wood. If black Monson slate is obtained, simply rubbing 
it with oil gives it a velvety black appearance that is very 
attractive. Slate does not show dust or dirt as readily as 
other materials; it is not adversely affected by oils, nor is it 
easily broken. It is stronger in general than an equivalent 
thickness of marble, is easily cut and worked, and serves 
well for a low-priced switchboard designed for low voltages. 

631. What may be said regarding marble switchboards? 

Marble switchboards are used more extensively than any 
other kind. Marble is preferable to slate on account of its 
high insulating qualities. It costs more than slate, but this 
is not a serious disadvantage, as this item is usually a very 
small percentage of the total cost of a completely equipped 
switchboard. Marble should always be used in preference 
to other materials for switchboards designed to carry circuits 
in excess of 600 volts. White Italian marble has advan- 
tageous qualities not usually found in the American product, 
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and should be preferred on that account. The Eastern States ' 
marble is more fragile and, being more porous, absorbs con- 
siderable moisture; blue Vermont marble, however, is an 
exception to this criticism and is extensively used for switch- 
board work. There are also quarries in some of the South- 
ern States which produce marble high in insulating quali- -r 
ties, of fairly g;ood appearance and easily worked. Among 
these are the pink and gray Tennessee marbles. When pur- 
chasing marble from a dealer the insulating qualities and the 
ease with which it can be worked are important points to 
be considered, otherwise the material may be of poor quality, 
or entirely useless. 

632. Is it customary to finish the marble in its natural 
color or not? 

On account of the liability of oil stains and dirt disfigur- 
ing a marble switchboard finished in its natural color, it is 
customary to put on a dull black velvety finish which will 
present a uniformly good appearance after long service and 
will not show oil spots or dirt. 

633. Must any special precautions be observed when 
working on marble for switchboards? 

For drilling in marble, twist drills or ordinary flat drills 
may be used, but they should be somewhat more pointed than 
ordinarily, that is, ground to an angle of about 50 degrees, 
instead of 60 degrees. While in use, the drill must not be 
allowed to choke with dust, as that will cause it to heat, which 
will spoil it. Such trouble can be avoided by using water 
in the hole ; this will cause spots to appear on the marble for 
the time being, but in a few days the water will dry out and 
the spots disappear. Oil must not be used, as it spreads enor- 
mously in some marbles, a single drop having been known 
to spoil a whole slab as far as appearances are concerned. 

634. What may be said regarding the assembling of a 
small slate or marble switchboard? 

The assembling of a slate or marble switchboard is an easy 
matter, if it is intended for a very small plant, since then 



378 



ELECTRICAL CATECEISM 



it is only necessary to secure a single slab, of the desired 
dimensions, and support it upon an iron framework. Prom 
%■ to 1^-inch gas pipe forms an excellent iron support, and 
it may also be used as a wall brace for the board. In places 
wliere slate or marble may be bought for switchboard 
purposes, large slabs are usually obtainable, and one piece 
is usually sufficient for the switchboard in an isolated plant 
or small station. 

635. Show a small slate switchboard assembled. 

Fig. 210 shows a single-panel switchboard suitable for a 
single generator supplying four circuits. The panel is 4 




Fig. 210.— Single Panel Slate Switchboard, 

feet high and 1^ inches thick, with g-iuch bevel on the front I 
edge. The supports arc two pieces of l:l-ineh tubing. Cast- I 
ings are attached to these at suitable points and the panel is I 
fastened to the castings by means of ^-ineh bolts. Castings 
are also provided on the supports for wall braces composed 
of the same size tubing. 
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636. Show a medium-size marble switchboard assem- 
bled. 

Fig. 211 shows a seven-panel marble switchboard, each panel 
composed of three slabs, beveled at the edges as indicated. 
Like the board shown in Fig. 210, it is supported at the back 
by bolts passing through the slabs to a framework composed 




of iron pipe with iron cross-pieces, tioor braces, etc;,, atte 
to the vertical supports with clamps as indicated in Fig. 212. 
A washer is placed under the head of each bolt on the face 
of the board to provide suificient bearing surface. Not all 
of the fittings shown in Fig. 212 are used, as this illustratioQ 
is a general display of the various devices used in different 
forms of structural switchboard work. 

637. Should any special form of construction be used 
to prevent the switchboard from taking up the vibrations 
of the machines in the station? 

Not ordinarily, although if the switchboard must be placed 
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where there is much jarring and shaking, the foundation for 
the board should be separate from the floor. 



SWITCHBOARD FITTINGS 
638. In making connections behind a switchboard, what 
important points should be observed? 

Before starting to maltL' the connections the plan of wiring 
should be properly laid out. The work should not he done 




hastily or with the expectation of going over it again. Con- 
nections behind a switchboard are too frequently neglected, 
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and the power lost thereby is sometimes very considerable. 
Could the energy thus going to waste be readily seen, the 
defect would soon be remedied, but to determine the loss 
it is necessary to use special low-reading instruments which 
are seldom available to the engineer. The fittings on the 
switchboard must therefore be carefully looked into and in- 
stalled in a most efficient manner. 

639. Mention some common forms of connections used 
on switchboards. 

Wrapped connections, sleeve connections, V-connections. 

640. How should a wrapped connection be made? 

By placing together the two wires to be connected and 
wrapping them with a smaller wire. In Fig. 213 the wires 




Fig. 213. — Wrapped Wire Connection. 

a and 6 are so connected by the smaller wire c wrapped about 
them. 

This is a convenient method, as no extra appliances are 
necessary to make a joint. It is important to see that .the wires 
to be connected are thoroughly cleaned and trimmed, that 
the wrapping wire is scraped perfectly clean before the joint 
is made, that the wrapping is close and tight and that all 
of the splice is well soldered. In soldering copper, borax or 
sal-ammoniac should first be sprinkled over the surfaces to 
act as a flux in causing the solder to unite with the metal. It 
is seen that the end a is bent outward; this may be done 
when there is a tendency for the wires to pull apart, but as 
that is not the case with switchboard connections the ends 
should be straight, like the end fe'. If the length of the joint 
is in proportion to the diameter of the wire, and the soldering 
is properly done, the splice will safely stand as much strain 
as the wire ought ever to be called upon to bear. 
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641. What is a sleeve connection? 

Fig. 214 shows such a connection. Here c represents a 
copper or -brass sleeve into which the wires a and 6 are 
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Fig. 214. — Soldered Sleeve Connection. 

inserted, one at each end. If the bore of the sleeve is the 
same as the diameter of the wires and the wires are properly 
soldered in, it will be impossible to pull the joint apart with- 
out first heating it. Therefore the connection is a good one 
electrically and mechanically ; it also presents a neat appear- 
ance — a point which ought always to be remembered in switch- 
board work. Furthermore, it is smooth and devoid of pro- 
truding points or corners, which is of especial advantage in 
high-voltage installations. 

642. Are there other forms of sleeve connectors besides 
that shown in Fig. 214? 

Yes, another form of sleeve connector is shown at c, Fijg. 
215. The wires a and 6 are introduced as shown and when 




Fig. 215. — Slotted Sleeve Connection in which Solder is not Used. 

side by side are clamped together by means of the screws 
d and d. As these screws are made of steel they may be well 
tightened and the union made mechanically secure ; no solder 
is used, however, so the electrical contact is bad and this 
mode of connection should never be used except in emergency. 
Other forms of sleeve connectors are illustrated in Fig. 216. 
The holes in these connectors are not slotted, but each is bored 
to admit a certain size of wire. A wire is inserted in each 
end and the two pushed toward each other until they meet 
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at the center of the connector, when they are made fast by 
means of the set-serews on top. The coEDeetora vary in 
diameter and length, according to the sizes of wire. 

Pot larger wires, set-screws made so they can be tightened 




Fig. 216. — Closed Sleeve Connectors. 



with a wrench, are used in the connectors. Two connectors 
of this type are shown in Fig. 217. 

643. How should a V-connection be made? 

A V-connection is shown in Fig. 218. It consists of a base 
c of copper or brass, to which is screwed a brass clamp d by 
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means of the screws e, etc. A bend in the clamp and a groove 
in the base together form a rectangular opening into which 
the wire is inserted. The electrical contact is not good, but 
this type of connector is often used on account of the ease 
with which a wire may be removed or replaced. 
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644. Are any other forms of switchboard connections 
used? 

The connections illustrated in Fig. 219 are sometimes em- 
ployed. Referring to the left end of this figure, the wire 6 
is bent around under the head of a bolt or screw c; this 
forms a good connection if the end of the wire is flattened 




Fig. 218.— V-Connectors. 

enough to allow of contact with all of one side of the washer 
n. The wire should be bent around the bolt or screw in a 
right-hand direction so that in the latter case the turning 
of the screw in tightening it will draw the wire inward 
rather than force it outward. 

A much better connection is obtained if, instead of pass- 
ing the bolt or screw through a turn in the wire, a lug e is 




Fig. 210. — Special Forms of Connection for Electrical Conductors. 

first soldered to the wire d and then bolted to the base a. The 
hole in the lug should be about the same size as the wire or 
cable with which connection is made. 

A method of connecting a rod g to a, bar a is also shown 
in Fig. 219. If the hole in the bar is smooth and the rod sim- 
ply has a shoulder on the under side of the bar and a nut on 
top, the connection will not be good. It may be improved 
somewhat by providing the rod with two nuts, i and h, as 
illustrated. The proper way, however, is to thread the hole 
in the bar and screw the rod in ; then when the nuts are put 
on tightly a good connection is secured. 
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645- Are not flat copper bars sometimes used for switch- 
beard conductors? 

Yes, they are very often used. On account of the greater 
ease with which connections can be made to them and their 
adaptability for carrying large current*, flat bars are prefer- 
able to round ones for heavy work. A thickness of one- 
eighth, one-quarter or one-half inch, the width being deter- 
mined by the circuit-carrying capacity required, is convenient. 




Fig. 220, — Method of connecting Bus-Bars. 

646. How should flat bars be connected together? 

As shown in Fig. 220, where the bars a and h are con- 
nected at right angles to each other by the bolts c, etc. The 
bolt holes in the bar a should be smoQth and those in the bar h 
threaded. 




Fig. 221. — ^[ethod of connecting Bus-Bnr with Round Bar Conductor. 

647. How should flat bars be connected with round bars? 

By means of a lug c, Fig. 221, bolted to the flat bar a and 

clamped to the round bar h by means of a bolt e. Steel bolts 
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should be used in electrical connections because when heated 
they do not expand as rapidly as copper or brass. 

648. Are tapered joints ever used in switchboard work? 

Yes, quite extensively; this form of connection being con- 
sidered one of the best because the contact surfaces do not 
corrode or get dirty, and the connection does not easily 
work loose. 

649. How should a tapered joint be made? 

As illustrated in Fig. 222. The wire a is soldered into a 
lug c for connection with the bar b. One end of the lug c is 




Fig. 222.— Tnperpd Joint Connection 

tapered and fits into a tapered hole in the bar b By turning 
the screw d, the parts 6 and c are drawn together, making 
good contact, provided they have first been ground to fit. 

650. What method is generally used when connecting 
large wires or cables? 

Large wires or cables are often connected by soldering lugs 
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Fig. 223. — LugB for connecting Large Wires or Cables. 

to them and then bolting the lugs together, as illustrated in 
Fig. 223. The lugs should be bent and connected in snch 
7 that all of the wires joined by them will be" in the 
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plane; this improves the genera! appearance of the 
ionneetion. 
651. What are bus-bars? 

Bus-bars are heavy bars of copper used behind the switch- 
aboard to carry the entire current. They may bo round or 

■ rectangular in cross-section, of dimensions to suit the con- 
I ditions. For high-voltage switchboards, round bars are used 
B because they are more easily insulated; they are also con- 
Ivenient for low-potential systems where the output is very 
■■small. When the amount of current handled is large, the 
I cross-seetional area of the bars must necessarily be propor- 
J tionally large. Heavy bars are more easily made flat than 
I round, and as it ia also less trouble to install flat bars and they 

■ make better connections, flat bars are generally used when 
■'.the buses are designed for heavy service. 
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G53. How are bus-bars fastened in position behind the 
ritchboard? 

This depends upon the position, whidi in turn ia baaed upon 

Ije plan of wiring. When the bus-bars are run horizontally, 

is usually the ease, they are attached to the uprights of 

l^e switchboard frame. If the upright is of wood, they may 

( fastened by means of porcelain supports. Ordinary poree- 
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lain knobs are sufiBcient for low-potential boards, especially 
when the bus-bars are round and insulated. This method of 
supporting the wires is illustrated in Fig. 224. The grooves 
of the knobs cZ, etc., should fit tightly around the conductor 6, 
as shown; that is, the knobs should grip the conductor or 
bus-bar well in order to hold it in position. Sometimes it is 
good practice to screw two knobs side by side below the 
conductor, and then center a third knob over the other two, 
above the conductor. 

The best plan, however, is to use cleats similar to that 
shown in Fig. 225. A cleat consists of two parts, a and 6; 
the part 6 is placed under the wire and next to the board, 
and the part a is placed over the wire and screwed to the 




Fig. 225. — Porcelain Cleat used in Wiring. 

part 6. Cleats are made of white porcelain in all sizes ; they 
may also be obtained in fancy designs, if desired. 

653. On high-potential switchboards should not consid- 
erable space be allowed between the bus-bars and between 
the bars and the board? 

On high-potential boards there should be at least six inches 
of space around every bus-bar ; there should also be that much 
clearance between adjacent bars, and all of the bars should 
be six inches or more from the switchboard. 

654. How may round bus-bars be supported on high- 
potential boards? 

In order to insure the maintenance of proper distance be- 
tween the bars and the board, brackets may be employed, as 
in Fig. 226. The supporting arm a of the bracket is fastened 
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to the tioard b by means of bolts e, etc The insulator ood- 
sists of two parts. / and /, clamped to the bos-bar g by means 
of the apper half of the bracket d, which is fastened down 




Fig. 228. — Bracket for supporting High Potential Conductor, 



with two screws e, one of which is shown. The insulator // 
may be in one piece, in which case it should be of such diame- 
ter as not to fit too loosely around the insulation g. 

655. Are the methods of making connections which have 
already been explained applicable to the different forms of 
bus-bars? 

Yes, if the contact surfaces are sufficient in area to pro- 
vide against loss at the connections and the quality of the 
connectors and conductors is good. 

656. How much current is it considered safe to transmit 
per square inch of contact surface ? 

Between 100 and 200 amperes per square inch, depending 
upon the method of clamping, bolting or soldering. A good 
average working value is 160 amperes per square incli of 
contact surface. Minor connections to bus-bars, such as thow^ 
of switch leads, feeder ends, etc., whether bolted, clampttil or 
soldered to the bars, should have a contact surface of b(rtwc»!ii 
ten and twenty times the cross-sectional area of the smaller 
of the two conductors connected. 
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657. How much current is it considered safe to transmit 
through copper, conductors per square inch of their cross- 
sectional area? 

Up to 3000 amperes, it is safe to allow 1000 amperes for 
every square inch of cross-sectional area. And, as 1,000,000 
circular mils is approximately equal to 1 square inch, ac- 
cording to Answer 59, we may allow 1,000,000 circular mils 
for 1000 amperes, or 1000 circular mils per ampere. 

658. Are there any special conditions under which the 
figures given in Answer 657 would not be safe? 

Yes; for example, if the quality of the copper conductor 
is not good. Two copper bars may be of the same dimen- 
sions and apparently just alike, but still have widely different 
current-carrying capacity. Only a small amount of foreign 
material added to copper greatly depreciates its value as an 
electrical conductor. By merely adding 1.56 per cent, of zinc 
to a copper conductor, the current-carrying capacity is re- 
duced to 46.88 per cent, of the carrying capacity of pure cop- 
per ; 5.51 per cent, of zinc added, reduces the conductivity to 
33.32 per cent, of that of pure copper. The loss in conductivity 
caused by the addition of 1.41 per cent, of tin is 37.54 per 
cent., and this loss is increased to 80.32 per cent, by increas- 
ing the percentage of tin to 6.02. Therefore, unless an engi- 
neer measures the resistance of the bars, he cannot judge accu- 
rately of their actual conditions, and if he has reason to 
suspect the quality is not good, he should assure himself on 
the point by actual measurements and check up the results 
with the table on pages 20 and 21. 

The current-carrying capacity is also aflfected by condi- 
tions other than the quality of the* copper, most important 
of which is the amount of surface exposed to the atmosphere. 
The resistance of copper increases rapidly as the temperature 
rises, but the temperature may be kept down to some extent 
by providing ample surface for radiation. Thus, a ^ by 2-inch 
bar of copper will be more eflScient than a 1 by 1-inch bar, 
although the cross-sectional areas are the same. For this 
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reason it is best to use several small bars in place of a single 
heavy bar having a cross-sectional area equal to that of all 
the small ones, for carrying current in excess of 3000 amperes. 
The current-carrying capacities in the table, pages 20 and 21, 
apply only to bus-bars and other plain copper conductors. 
In switches, etc., the current-carrying capacity is limited by 
the temperature rise, as explained in Answer 682. 

659. Explain how the weight of copper on a switch- 
board may be calculated? 

Copper weighs 0.3204 pound per cubic inch. Multiplying 
this figure by the number of cubic inches in a bar will give 
its total weight. Applying this method to the other switch- 
board fittings made of copper and adding the results together 
will give the total weight of copper on the switchboard. 

660. How may the expense of the copper fittings on a 
switchboard be approximately estimated? 

Bus-bars and other plain straight copper pieces usually cost 
about 22 cents per pound. Angular copper fittings cost about 50 
cents per pound. Multiplying these figures by the respective 
weights of plain and angular copper fittings used and adding 
the products together will give an idea of the approximate 
cost. 

ARC-LIGHT SWITCHBOARDS 

66i. What is an arc-light switchboard? 
A switchboard designed for the connection of series arc-light 
circuits to the source of suppl3^ 

662. Is this type of switchboard constructed differently 
from the switchboards previously illustrated and described? 

Yes ; owing to the greater flexibility required in series arc 
lighting, any arrangement of switches for making the trans- 
fers mentioned in Answer 661 would be exceedingly compli- 
cated. The various connections are therefore made by insert- 
ing plugs into sockets or receptacles, the circuits being com- 
pleted in some boards by flexible cables and in others by the 
plug itself. 
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663. Which of the two methods of completing the cir- 
cuits is preferable? 

That in whidi the eotmectioDs are made by using plugs 
without cables, because there is no danger to the attendant 
from accidental contact with exposed or poorly insulated 
cables carrj-ing high-voltage currents, and because where a 
large number of generators and circuits are operated, the front 
of the board is not cluttered np with cables. 

664. Is there not liability to currents arcing between 
the plug and receptacles when withdrawing the plug to 
disconnect a circuit? 

No; because the eireuit to be cut out is first ahort-cireuited. 
On auiiount of the automatic regulation of constant-current 
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transformers (see Answer 463) used in connection with series 
arc-lighting systems, the short-circuiting of the lamps causes 
the voltage of the lamp circuit to drop almost to nothing, 

665. Illustrate and describe an arc-light switchboard in 
which the connections are made by using plugs with 
cables. 

Fig. 227 shows a simple board of this kind designed for 
two feeder circuits, a and 6, and four line circuits, i, 5, 3 
and 4. The positive (-f) and negative (— ) terminals of 
"aeh feeder elrcnit arc wired to separate receptacles which are 
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ill duplicate as indicated in the bottom row. The positive 
and negative terminals of each line circuit are likewise wired 
to duplicate receptacles as indicated in the two upper rows. 
Each terminal is thus made double so that transfers may be 
made without opening the circuit. An ammeter »t is mounted 
on the board for measuring the strength of the current in 
any of the circuits. 

666. Describe the effect of the connections shown on the 
board in Fig. 227. 

The feeder circuit a is connected to line circuit No. 2, while 
the feeder circuit 6 is connected to line circuits Nos. 3 and 4, 




which are connected in series. The ammeter m is connected 
in circuit with the feeder circuit ft. 

667. Illustrate and describe an arc-light switchboard in 
which the connections are made by using plugs without 
cables. 

Fig. 228 shows a switcliboard of this kind, having provi- 
sion for three feeder circuits and three line circuits. In order 
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to indieate clearly the Tarions eombinations. the Tertieal rows 
of receptacles are lettered and the horizontal rows are num- 
bered. The ends of the vertical bars are eonneeted respectively 
to the line and feeder circoits. Each of the bars is broken 
in three places, and a machine may be ccmneeted to its circuit 
by plugging across the breaks (the illustration shows each line 
circuit on its own feeder circuit;, thus making the bar con- 
tinuous ; by removing any pair of plugs the corresponding line 
circuit is disconnected. The sockets in row 1 are ammeter 
^' jacks " and are used in connection with a special plug 
for connecting the ammeter in any circuit. 

The six horizontal bars are for the purpose of transferring 
a feeder circuit to some line circuit other than its own. Each 
horizontal bar is provided, at the left-hand side of the panel, 
with a receptacle (AS, J.-4, J.-.5, J.-?, A-8 and A'9) by means 
of which it can be connected with the horizontal bar on an 
adjoining panel. All ordinary combinations can be made by 
means of the bars and plugs, but cable plugs are provided 
with each panel, so that when necessary, machines and feeders 
can be transferred without the use of the bars. These plugs 
and cables are intended for use only in case of emergency, 
and are used in the receptacles in the horizontal rows 2 and 11. 

668. Of what material are arc-light switchboards made? 

Marble is generally used. Slate is not a good material on 
account of its liability to contain metallic veins. Owing to 
the high potentials common to series arc-light circuits, special 
care is necessary in insulating them. 

669. Show and explain more in detail the construction 
of the plugs in Fig. 228 and of the sockets or receptacles 
for them. 

Each plug, Fig. 229, consists of a long copper bar a fitted 
tightly into a hardwood handle h. All the receptacles, or 
plug switches as they are sometimes called, are of the type 
shown in Fig. 230. The marble board is not relied upon en- 
tirely for insulation; each receptacle is insulated from the 
board by porcelain bushings as shown at a and a. These 
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bnshmgB not only insulate the bus-bar n in each row from 
the panel, but prevent the attendant from coming in contact 
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1 connecting Circuits on Arc-Light Switch- 

with it. The rear bus-bar is shown in Fig. 230 at m, with a 
contact thimble at c and a terminal at e. The fiber tube s 
serves as a guide for the plug when inserted. 

In order to distinguish between the various receptacles on 
the face of the board, bushings of different colors are used. 




Fig. 230.— Ping Switch in Arc-Light Switchboard. 

All open-circuiting, bus-connecting, cable-transfer and am- 
meter-jack receptacles have brown porcelain bushings, and 
all bus-transfer receptacles have blue porcelain bushings, 

670. How does the one ammeter shown in Fig. 228 
serve for so many circuits? 

An ammeter jack. Fig. 231, enables this to be done without 
inconvenience. Two of these jacks are provided for each cir- 
cuit, and one ammeter jack plug, Fig. 232, is used for all 
of them. By inserting this plug in any ammeter jack the 
ammeter is thrown in series with that circuit. In removing 
the plug the circuit is closed around the ammeter at the 
instant that the plug is removed. 
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Ammeter jacks are included in both sides of each circuit 
to facilitate testing for grounds. A leakage, or flow of current 
to ground will show a diflferent reading when the ammeter is 
plugged into the different sides of the circuit. 



SWITCHES 

671. What is a switch? 

A device for opening and closing a circuit, or for shifting 
a current from one circuit to another. It may be either a 
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Fig. 231. — Ammeter Jack on Switchboard in Fig. 228. 

knife switch, in which the circuit is opened or closed by means 
of one or more blades, or it may be a snap switch that opens 
or closes the circuit by means of a quick rotary motion of the 
contact part through the action of a spiral spring. The latter 




^Insulation 

Fig. 232.— Plug used in Ammeter Jack, Fig. 231. 

kind is used mostly in connection with electric incandescent 
lamps. 

672. What kind of switches are generally used on switch- 
boards? 

The kind known as knife switches, a simple form of which 
is shown in Fig. 233. The knife switch derives its name from 
the knife-blade-like shape of its connecting part a, called the 
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blade. The parts which receive the blade when the switch 
is closed are shown at c and d; they are called the jaws or 
clips, and are mounted in the bars or strips e and 6% which in 
turn are mounted on the insulated base h. 

The terminals of the circuit to be opened or closed by means 
of the switch are connected to the plates e and 5 by the bolts 
r and v. The plates e and 5 are called the terminals of the 
switch, or sometimes the jaw or clip bases. The blade a is 
hinged at one end to the post o, and is provided with an 
insulating handle g at the other end. 

With the blade in the position shown in the figure, there is 




Fig. 233.— Single-Pole Single-Throw Switch. 

no connection between the jaws c and d, and the switch is 
said to be * * open. ' ' By pressing down the handle g, the blade 
a is forced into both jaws, c and d, electrically connecting 
them together; the switch is then said to be ** closed. ^^ 

673. Of what materials are the different parts of a 
switch, such as shown in Fig. 233, made? 

The jaws, plates and blade are usually made of copper, al- 
though the bars are sometimes made of brass. The base is 
either marble or slate; the bolts are steel or copper, according 
to conditions, and the handle is of rubber, wood or fiber. 
When a knife switch is mounted on a slate or marble switch- 
board it is not provided with the base b; the bolts r and v, 
from the switch terminals, pass through the switchboard panel 
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and connect with the circuit terminals on the back side of 
the board. 

A switch with one blade is called " aii^le-pole," and when 
there are two blades it is called ' ' double-pole, ' ' In like man- 
ner there are " three-pole " and " four-pole " switches used 
in electrical work. 

674. Are the switches used on high-potential circuits 
made like the one in Fig. 233? 

No; switches for use on high-potential circuits must open 
quickly when pulled, so as to prevent arcing between the 
blades and the jaws with which they have been in contact. 
Otherwise heavy ares would form and bum the copper com- 
posing the blades and jaws. To prevent this, quick-break 
switches have been devised. 

675. Illustrate and describe a quick-break switch. 

Fig. 234 shows a double-pole switch of this type. The 
blades are shown at a and d, and the arms at c and e, the 




Fig. 234.— Double-Pole Single-Throw Quick-Break Switch. 

latter carrying the handle h; both the arms and the blades are 
pivoted at the same point. When the switch is to be opened, 
the handle h is raised, and the arms c and e necessarily fol- 
low. The blades a and d, however, remain in contact with 
the jaws m and n until the handle is raised sufSciently to 
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exert the necessary tension on the springs r and 5, the ex- 
tremities of which are fastened to the arms and blades of 
the switch. When the tension of these springs becomes suffi- 
cient, the blades are pulled away from the jaws m and n 
with great force, and therefore quickly break the circuit and 
prevent serious arcing. 

676. Do quick-break switches of the kind described in 
Answer 675 possess any serious disadvantages? 

They are not very desirable for use on inductive circuits, 
such as those containing generators and motors, owing to the 
fact that when the duration of the arc is thus shortened a 
strain is produced upon the insulation of the machines which 
is liable to be of a serious nature. When a live inductive 
circuit is opened, the current tends to keep on flowing, and 
if the flow is checked very suddenly at the switch the cur- 
rent tries to complete a circuit through some other path. 
In attempting to do this the current is liable to break through 
the insulation where it is not at its best and seriously damage 
it. For opening inductive circuits carrying pressures above 
1000 volts, the quick-break switches of the kind previously 
considered are inadequate. On non-inductive circuits of 
small power, however, they may be used up to 2500 volts if 
properly designed. 

677. How may the disadvantages of quick-break 
switches, mentioned in Answer 676, be overcome? 

To overcome the kick or reactive effect of the current and 

at the same time protect the switch from being burned by 

prolonged arcing of the current between the contact parts, 

two sets of contacts may be provided, one set of popper and 

*e other set of carbon blocks. When a switch of this kind 

^^ closed, the copper contacts serve to conduct the current 

^ith. the least resistance possible ; when the switch is opened 

^^^ copper contacts separate first, forcing the entire current 

tai-oxigh the carbon blocks so that when these separate an 

^^^*^t:^iit later, the current has been considerably reduced by 
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tlieir higher resistance and whatever arcing oeours takes place 
between the carbons and does no harm to the copper parts. 

678. Are knife switches made in any other forms than 
those just described? 

Yes; there are " doiible-throw "knife switches with dif- 
ferent number of blades in common use. 

679. Show a single-pole double-throw switch. 

Fig. 235 illustrates this type. Thi.s switch corresponds to 
the one in Fig. 233 because it is of single-pole construction. 




Fig. 235.— Single- Pole Dnubk-Tlirow Switch. 

680. Are there also double-throw double-pole knife 
switches? 

Yes ; two switches of this type are shown in Figs, 236 and 
237. The former has two sets of jaws and is known as a 
single-break switch; the latter has four sets of jaws and is 




Fig, 230,— Doublo-Pok' Double- Throw Single-Break Switch. 
known as a double-break switch. The switch with four sets 
ia preferable in all cases, and it is always used for earrj'ing 
heavy currents. 
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68i. Show a knife switch made with three blades or 
poles. 

A three-pole single-throw knife switch is shown in Fig. 
238 ; a double-throw knife switch of the same construction is 
shown in Fig. 239. 




Fig. 237.— Double-Poll! Double-Tlirow Double-Break Switch. 

682. What important considerations enter into the con- 
struction of switches for electrical work? 

The current-carrying parts should have a sufficient cross- 
section that the heating effect of their full-load current does 




Fig. 238.-^Three-Polc Single-Throw f 

I not increase their temperature more thau 50 degree* 
[heit (28 degrees Centigrade) above that of the 
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ing air. The siirfaceK o£ the contact parts should have an 
area of about one square inch per 100 amperes, or approxi- 
mately ten times the cross-sectional area. If, however, the 
mechanical pressure between the contact surfaces be ^eater 
than that usually employed, the area of the contact surfaces 
may be less, and if the pressure be less than usually employed, 
the area of the contact surfaces must be greater than would 
be used for normal pressure. The blades, jaws and contacts 
should have ample metal for stiffness and be constructed 
to give an even pressure throughout, but no part of the con- 
tact surfaces should grind, cut or bind when the blade is 




FiK. 230.— Three-Pole Double-Throw Switch. 
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removed. The workmanship should be such that the Wades 
can be moved with a perfectly uniform motion, and the jaws 
should be so alined that the blades will enter them without 
the slightest stoppage. 

683. What kind of switches are used for very high- 
potential circuits? 

For opening inductive circuits carrying pressures above 
1000 volts, switches are made in which the break takes place 
in oil. In others, the arc is ruptured in open air by drawing 
it through a wide break, and in still others, the are is ruptured 
by a sliding shutter which intercepts the arc when the con- 
tact is broken. 
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^m 684. Illustrate and describe an oil switch for a high- 
H tension circuit. 

A three-pole oil switch for a 15,000-volt 300-arapere alter- 
nating-current circuit is shown in Fig. 240. This switch is 
designed for remote control by means of a system of levers 
as shown in Fig. 241 where the oil switch is located at 0, the 
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Fig. 240.— Til lOL- Pole Hand-Opcratod Oil Switch. 

levers at c, etc, and the control handle at h on the switch- 
board panel m. 

The copper blades of the switch are shown in Fig. 240 at c, e 
and v; the stationary contacts at b, d, etc., consisting of flared 
fingers of copper, two fingers in each set being extended to 
take any arcing that may occur, and the oil tank at t divided 
into separate compartments for each set of poles. The switch 
is opened by pulling out the control handle at the face of the 
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switchboard. This movement, through the system of levers 
aii<I bell-cranks shown in Fig. 241, lowers the part c e v in the 
three tanks and thus separates the contacts in each of the 
three parts of the circuit at two points simultaneously. 

When the contacts separate, the arcing across them is very 
small because the oil is an excellent insulator, and being liquid 
it immediately fills the space between the contacts and stops 
the passage of the current. Owing to the circuits being opened 
at several points simultaneously, the electromotive force per 
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Fig. 241. — Arrangement of Levers for Remote Control of Hand- 
Operated Oil Switch in Fig. 240. 

break is considerably less than the total electromotive force 
of the circuit, and this shortens the spark and it& duration so 
that the burning effect upon the contacts is very slight. 

685. Are all oil switches operated by hand? 

Xo; some are operated by electricity and others by com- 
pressed air. 

686. Show an electrically operated oil switch. 

A three-pole electrically-operated oil switch for a 13,000- 
volt oOO-ampere alternating-current circuit is shown in Fig. 
242. The motor, at C, is a small 110-volt direct-current ma- 
cliino. The leads from it run to the controlling switch on the 
su il( liboard. The terminals 5, s, s, of the oil switches project 
downward through the bottom slab n of the switch cells. 
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"Xhere are two sets of contacts, tlie main ones being the lami- 
ated copper brushes at c, ete., whicii make contact with metal 
c»s5ses at e, etc., on top of the oil vessels u, etc., when the 
tviteh closes. The secondary contacts are the movable brass 
o<3s r, etc., which enter hollow cylinders consisting of ver- 
i-cal segments held together by helical springs. The rods are 
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Fig. 242.— Thriip-Poly Electrically -Opera t<>d Oil Switch, 
rounded at the lower end and the cylinders are bell mouthed. 
The secondary contacts are within the oil cylinders v, which 
are composed of steel. 

PROTECTIVE APPARATUS 
687. What kinds of protective apparatus are generally 
used? 

Fuses, plug cut-outs, circuit brealiers, liglituiug arresters 
and choke coils. 
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688. What is a fuse? 

A fase is a strip or wire of fusible alloy composed of tin, 
lead and bismuth. It is inserted in series with a circuit at 
some eonventent poiiit and is made of such size that it will 
melt and thus open the circuit when the current exceeds the 
allowable amount for the size of wire used as given in the 
table on pages 20 and 21. Fuses are made in two general 
forms: exposed, or " open "; and " enclosed." 

689. Show some fuses of the open type. 

Fig. 243 shows an open fuse made of flat strip or ribbon. 
The strip c e is composed of the fusible alloy, and is shown 
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Fig. 2-13.— Ribbon- Tj-pe Open Puae, 



broken in the illustration to save space. It is soldered to the 
copper contact pieces m and n to facilitate its connection 
in circuit. An open fuse of wire ia shown in Fig. 244. The 




Fig. 244.— Wirp-Type Op( 

fuse wire a s is of the same composition as the strip ( 
243, and is soldered to the contact strips 6 d as in the previous 
case. The wire form of fuse is generally used for protecting 
circuits which carry currents up to and including 30 amperes. 
Up to 5 amperes rating, the fuse wire should be at leaat IJ 
inches long ; for each increment of 5 amperes J inch should 
be added. The ribbon form exceeding 4 inches in length is 
I for circuits carrying currents above 30 amperes. 
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C90. Describe the method of mounting these fuses for 

»nnection in circuit. 

^ slate or marble fuse block /, Fig. 245, is generally em- 

X>lcDyed. This is provided with copper terminal blocks c and 

^:» to which the wires of the circuit are connected. If the 

^^ixTcuit in which the fuse is to be introduced carries over 30 

>eres, the connection is preferably made by means of cop- 

iT lugs a and 6 soldered to the wires and the lugs screwed 

the terminal blocks c and d as indicated. 




Fig. 245.— Open Fuse Block. 

691. Explain how the fuse in Fig. 245 protects the cir- 
cuit. 

The fuse s, when connected across the gap between c and d 
\)y means of the thumb-screws m and n, allows the normal 
tjurrent to pass through the circuit as before. As the current- 
<;arrying capacity of the fuse is limited, however, it being 
made to conduct not over a certain number of amperes, the 
fuse will become hot and melt if the current exceeds that 
specified amount, and by melting open the circuit. 

692. What indicates the current-carrying capacity of a 
fuse? 

Each fuse is stamped with about 80 per cent, of the maxi- 
mum current which it can carry indefinitely ; this allows about 
25 per cent, overload before the fuse melts, or, as it is some- 
times stated, blows. With open fuses of ordinary shapes 
and with not over 500 amperes capacity, the minimum cur- 
rent which will melt them in about five minutes may be safely 
taken as the melting point, as the fuse practically reaches its 
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vided for this purpose. Its operation depends upon a fine 
German silver wire, the ends of which are connected with 
the inner surface of the two end caps, and midway between 
them passes through a special compound on the inner guinmed 
side of the indicating label. Where the fuse operates, an 
abnormal current is forced through the German silver wire 
and the resulting heat ignites the compound so that it dis- 
colors the label as shown at s in Fig. 248. Comparing Fig. 
247 with Fig. 248, the former of which shows the appear- 
ance of the label before the fuse is blown, and the latter which 
shows it afterward, it is seen how easy a blown fuse may be 
detected. 

695. How is the enclosed type of fuse arranged for con- 
nection in circuit? 

Figs. 249 and 250 illustrate the two usual methods of con- 
necting enclosed fuses in circuit, the former showing what 
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Fig. 249. — Enclosed iSise with Ferrule Contact. 

is generally known as a ferrule contact and the latter a knife- 
blade contact. The ferrule contact is recommended for cir- 
cuits carrying current up to 60 amperes, and the knife- 
blade contact for circuits carrying current between 60 and 
600 amperes. 



c 








3 



Fig. 250. — Enclosed Fuse with Knife-Blade Contact. 

696. Are enclosed fuses considered preferable to the 
open type? 

They are preferable, because in operation the heated metal 
cannot fly out and set fire or cause trouble elsewhere. Be- 
cause of their lower fire risk they are now used largely in place 
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ot the open type ; wbich latter are pennissible only in cabinets, 
OD panel boards, ete. 

697. Are fuses made the same for use 00 both direct- 
and alternating-current circuits? 

T«8; all that has been previoosly stated eoncerning fuses 
applies to both cases. 

698. What is a plug cut-out? 

The plug cut-out is a compact, safe, neat and simple device 
for fusing a circuit. Fig. 251 shows at A and B the two parts 




Fig. iSl,— Plug Cul-Out. 

comprising a plug cut-out. The part A is the base. It is 
made of porcelain and carries a screw socket c, constructed 

flimilarly to an incandescent lamp socket ; the metal bottom is 
connected to the terminal e; and the metal side, which is 
insulated from the bottom, is connected to the terminal s. 

The part B is the plug. Tiiis also is made of porcelain, 
and inside it, connected between the metal screw threads r 
and the metal tip i, is a fuse wire. Consequently, when the 
plug is screwed into the socket c of the base, the terminals 
of the circuit in which the base is connected are joined by the 
fuse wire in the phig- 

699. Is there any other form of plug cut-out besides that 
shown in Fig. 251? 

Yes ; for very high voltages the one shown in Fig. 252 is 
used. 

700. Describe the plug cut-out in Fig. 252. 

The cone or cap a is made of glazed porcelain and is open 
only at the bottom. It is provided with two jaws c and d, 
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■wMcH ^Bceive the porcelain blades m and » on the plug shown 
at b. The fuse s extends around the end of the plug and 
passes through a small tube v, on each side. This arrange- 
ment prevents any arcing across the terminals of the plug. 
One terminal is shown at o. Contact bfetween the terminals 
of the plug and the circuit wires x and z is made by insert- 
ing the plug in the cap a from underneath and giving it a 
quarter turn. The plug is shown removed, but when in its 
place all the terminals are entirely boxed up by the porcelain 
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252.— Plug Cut-Out for High-Voltage Liicuita. 
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cap. This part of the circuit is, therefore, closed, and if a 
current should melt the fuse and happen to arc across the 
terminals of the plug, it will be confined and no damage 
will be done. 

701. Are fuses considered a satisfactory protection from 
abnormally high currents of short duration? 

The fuse operates by reason of the heat developed by the 
current, so that a- heavy current of short duration might not 
fuse the wire because it requires some time to heat. For 
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the instant and accurate opening of a circuit under these 
conditions a circuit breaker is recommended. 

702. What is a circuit breaker? 

A circuit breaker is a switch arranged to open automa- 
tically when the current becomes excessive.. It is connected 
in circuit and makes contact in nearly the same manner as 
an ordinary knife switch, but differs therefrom in the manner 
of opening the circuit. The knife switch has to be pulled 
open by hand, but the circuit breaker is opened by a spring 
when the current exceeds a certain strength. The magnetic 
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Fig. 1 



—Double-Pole Circuit Breaker; Side View. 



effect of the current itself is generally used to accomplish 
this. The circuit breaker is held closed by a latch, and when 
set to open at the desired number of amperes, this current in 
flowing through the circuit causes an electromagnet to oper- 
ate a trip which releases the latch and allows the spring to 
open the circuit breaker. 
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703. Explain the principle of operation of a circuit 
breaker with reference to a modern type. 

Referring to Figs. 253 and 254, which show, respectively, 
side and front views of a double-pole circuit breaker mounted 
on a slate base Z, with the terminals A and E projecting 
through to the back. The current from the generator enters 
the circuit breaker at A, and when the breaker is closed as 
indicated in the illustrations, passes through the laminated 
copper bridge B to the contact block C; thence through the 
electromagnet coil D, and out through the terminal E. Re- 
turning from the other side of the line, it enters at /, passes 




Fig. 254.— Double-Pole Circuit Breaker; Front View. 

through the laminated copper bridge J to the terminal E, 
whence it passes out and back to the generator. 

The electromagnet coil D has an iron core with pole pieces 
F and 6, and these, when current passes through /*, tend 
to attract and lift the armature B. up from the screw on which 
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it normally rests. If this screw be properly adjusted ver- 
tically in accordance with the calibration plate P, to the 
number of amperes at which the breaker is to operate and 
open the circuit, then when this amount of current flows 
through the electromagnet coil the armature will be drawn 
up and the insulated projections L and M on it will strike 
against the respective latches N and 0, thereby releasing the 
two switch arms B and J, which instantly open or fly back- 
ward in response to the force supplied by springs provided 
i»>r the purpose, and open the circuit at two points. To 
/t »viate objectionable burning of the copper contacts upon 
h e opening of the circuit, the arc is finally broken on the 
Yv;iractory carbon blocks W at the top of the circuit breaker. 

704. Show the construction of another modern type of 
circuit breaker and point out the principal parts. 

Fig. 255 shows the general construction of a circuit breaker, 
with reference letters on the principal parts to which the 
following explanations apply: 



A 



B 

C 
D 

E 

F 
G 
H 

I 
J 
K 



L 
M 

N 




Spring for the Carbon Block 
forming Secondary Con- 
tact 

Contact Plate of the Burn- 
ing Tips 

Screw for D and R 

Spring of the Burning Con- 
tact Tips 

Insulating Cover for Trip 
Magnet Frame 

Capscrew for E 

Capscrew for A 

Support for Main Lami- 
nated Copper Brush 

Handle Lever 

(Lower) Contact Stud 

Tripping Catch for Open- 
ing Circuit Breaker by 
Hand 

Catch 

Laminated Connection 

Washer for O and I 

Handle for Closing Circuit 
Breaker 

Calibrating Tube 



Q Carbon Arcing Block 
R Burning Contact Tip 
S Screw for B 
T Contact Stud (upper) 
U Laminated Copper Brush 

V Washer for F 

W Trip Magnet Frame 
X Trip Coil — the Electromag- 
net which automatically 
opens the Circuit Breaker 
under Abnormal Current 

Y Main Link 
Z Pin for Y 

A a Cotter Pin for Z 

Ba Magnet Frame 

Ca Clamping Plate 

Da Pin for K 

Ea Pin for H and Ba 

Fa Laminated Connection 

Ga Base 

Ha Calibrating Screw by means 
of which the Circuit 
Breaker is set to operate 
at the desired number of 
Amperes. 
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705. Explain how the different sets of contacts in the 
circuit breaker shown in Fig. 255 operate during the open- 
ing process. 

Referring to Fig. 256, A shows all the contacts closed, — the 

condition prevailing when the oireuit breaker is closed and 
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Fig. 255.— Dmible-Po]p Circuit BrenkiT, sliiraiiiK (VmstniPtiun. 

the normal current flowing through it; B shows the begin- 
ning of the separation of the contacts when the circuit breaker 
is opened by the action of an abnormal current — the main 
brush is open and the burning tip above it is just leaving 
contact; C shows the main brush and burning tip open and 
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the secondary carbon blocks at the top just leaving contact; 
D shows the circuit breaker fully open, with all the contacts 
widely separated. 

706. Arc all circuit breakers made like those previously 
shown? 

The general operating principles and construction are 
practically the same; there ore, however, single-pole circuit 
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— Aclinn of Circuit Brenker i:i Opening. 



breakei's, three-pole circuit breakers, motor-operated circuit 
breakers for remote control of circuits carrying heavy cur- 
rents, and circuit breakers for alternating- or direct -current 
operation on low voltage, over voltage, shunt trip or any com- 
bination of the above; also direct-current circuit breakers 
for operation on underload or reverse current. The circuit 
breakers shown in Figs. 253-255 are overload circuit breakers 
for direct-current circuits or low-voltage alternating-current 
circuits, 

707. What is a lightning arrester? 

A device for diverting a lightning discharge from the line 
wires to the ground without entering the station and inter- 
rupting the service, 

708. Illustrate and describe a form of lightning arrester 
for use on alternating-current circuits. 

The lightning arrester shown in Pig. 257 is one of this kind. 
Seven independent cylinders, a, fc, c, d, e, f, g, of non-arcing 
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metal are moimted side by side upon a marble base. The 
cylinders are separated from each other by air spaces, but 
their surfaces are nurled to facilitate electrical discharges 
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between them. The leads from the line wires are connected 
to the end cylinders by the binding posts m and n; the middle 
cylinder is connected to ground by the binding post s. A 
lightning discharge on the line will always seek and traverse 
the shortest and least inductive path, even though it be of 





a somewhat high resistance, and will therefore jump across 
the gaps between the cylinders from the line terminals to 
the ground in preference to traversing the high inductive 
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windings of generators or motors connected to the line. The 
non-areing metal will not sustain an arc nor become fused 
by it. 

709. Is this lightning arrester always connected the same 
way regardless of the working potential of the line? 

No; when used on 1000-volt circuits, the arrester is con- 
nected as in Fig. 258 at A; on 2000-volt circuits two arresters 
are wired in series across the line as at B, the ground con- 
nection being made to the wire joining the two arresters ; on 
3000-volt circuits, three arresters are used, as at C. 




Fig. 259. — Standard Ground Connection. 

710. How may a good contact with the earth be ob- 
tained ? 

Dig a hole four feet square, directly beneath the arrester. 
Dig down until permanently moist rich ground has been 
reached. Where permanent dampness cannot be reached, it 
is advisable to have water occasionally supplied to the ground 
through a pipe from some convenient source nearby. Cover 
the bottom of the hole with about two feet of crushed coke 
or charcoal (pea size}. Over this lay 10 square feet of No. 
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16 tinned-eopper plate, and solder the ground wire entirely 
across the surface of this plate, riveting it thereto at the end. 
Ground plates used in grounding station circuits should have 
considerably more area,— 25 square feet or more, depending 
upon conditions, but 10 square feet is about right for light- 
ning arrester grounds. The ground wire should preferably 
be of No. copper. Cover the plate with about two feet of 
crushed coke or charcoal, and fill in the hole with the ground 
previously dug out, using water to aid it in settling. A 
ground connection of this kind is pictured in Fig. 259. 

711. What other forms of lightning arresters are adapted 
for use on alternating-current circuits? 

Lightning arresters^ in which non-induetive resistances are 
shunted across portions of a group of metal cylinders, are 
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A'ith Non-inductive 



in common use. A 1100-volt single-pole arrester of the above 
type is shown in Fig. 260. It consists of a number of small, 
nurled cylinders m, etc., portions of which are shunted by 
two resistances r and s. The resistance rod s is of very low 
ohmic resistance and shunts a small number of spark gaps, 
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but the rod r is of high resistance and shunts a lai^r number 
of spark gaps. The terminal a is connected to the line, and 
the terminal b to ground. The arrangement of shunts gives 
practically three arresters in one unit as follows : 

A lightning discharge of medium frequency will pass to 
ground through the low-resistance path, while low-frequency 
discharges and those due to steady static stresses will pass 
through the high resistance. Discharges of extremely high 
frequencies will find a comparatively difficult path through 
the resistances, and a relatively easy path across all the spark 
gaps. The various paths are designed to give the arrester 




a uniform voltage breakdown regardless of the frequency or 
quantity of the discharge. 

Single-pole units such as shown in Fig. 260 are assembled 
in groups to form double-pole and triple-pole arresters, 

712. Are there other typea of alternating-current light- 
ning arresters? 

The lightning arrester shown in Fig. 261 is another com- 
mon form. In this the lightning discharge enters the ar- 
rester at the binding post c, thence passes through the non- 
inductive resistance e, which is shunted across the coil s by 
wires imbedded in the base of the arrester and indicated 
by dotted lines in the illustration, to the flexible cord 6, to 
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the guide rod m aDd soft-iron armature n, which is normally 
in contact with and rests upon the carbon v. The discharge 
then jumps across the spark gap ( to the lower carbon d, which 
is mounted in the bracket h, and passes to ground through 
a conductor fastened to h. The non-inductive resistance e 
has such a high ohmic resistance that suiRcient current from 
the discharge is shunted through the coil s to cause it to 
quickly draw up the iron armature n and thus form an open- 
ing between the lower end of « and the upper carbon v. The 
arc which results at this point is inside the tube i, which is 
practically air-tight, so that the oxygen is instantly consumed 
and the arc extinguished. As soon as the current ceases, the 
coil s loses its power of attraction, whereupon the armature 
n drops of its own weight to its normal position on v, and the 
arrester is ready for another discharge. 
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Fig. 262. — Non-Arcing Lightning Arrester for Direct- Current Circuits. 



713. Describe a lightning arrester for direct-current cir- 
cuits? 

Fig. 262 shows a lightning arrester suitable for direct- 
current circuits up to 700 volts. Two metal electrodes m and 
n are mounted upon a lignum-vitie block e, flush with its 
surface. The arrester is of the single-pole type, one of the 
electrodes being connected to the line and the other to ground. 
Charred or carbonized grooves r provide paths for the dis- 
charge. Upon the block e and covering the grooves and elec- 
trodes is placed a second lignum-vitEe block s. Lightning dis- 
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charges will readily pass between m and n over the charred 
wood in the grooves, but as this path has a resistance of over 
50,000 ohms, there is no appreciable leakage of current. 

714. What other form of lightning arrester is suitable 
for direct- current circuits? 

Pig. 263 shows another type of lightning arrester designed 
for direct-current circuits. This arrester has two adjustable 
spark gap terminals o and c, composed of diverging fingers 
so that the are lengthens as it is blown out. There are also a 
non-inductive carborundum resistante rod e of about 100 
ohms in series with the spark gap, and a magnetic blow-out 
coil m in parallel with the resistance rod e, all completely 




Fig. 2(13. — Magnetic Blow-Out Lightning Arrester for Direct-Current 
Circuits. 



enclosed in a porcelain box b with hinged cover h. The line 
connection n is made to one side of the spark gap, the other 
side of which is connected through the non-inductive resist- 
ance rod e to ground by the conductor g. 

Any attempt of the direct current in the line wires to 
follow a lightning discharge to ground is immediately inter- 
rupted at the spark gap by the action of the magnetic blow- 
out, the field of which is produced by the passage of the 
direct current through the shunted blow-out coil m, which 
latter, however, does not interfere in any way with the 
lightning discharge. In the cover is a porcelain blow-out 
chute r, which surrounds the spark gap and, with the porce- 
lain partition o, prevents sparks from reaching other parts 
of the arrester. 
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715- For what purpose are choke coils used? 

The purpose of a choke coil is illustrated in Fig, 264, where 
b and c represent the line wires of the dynamo a. Connected 
in series with b and c are the choke coils h and m, and close 

.■■■■■■■.^■■■■■■■ . / 6- 
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to the outer ends of these coils are connected the wires d and e, 

which run to the lightning arrester k. A lightning discharge 

_ finds much difficulty in traversing a choke coil, because of its 

■inductive winding, and coming in on the line wires b' and c'. 




Fig. 265.— Choke Coil for High Voltflge. 
"wil! " pile up," as it were, in front of the coils k and m. 
Before the charge becomes sufficient at / and g to pass tlirough 
tlie coils h and m, it will find its way through the wires d and 
e, and through the arrester k, to ground. 
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Choke coils may also be used to advantage between a dy- 
laino and u eireuit breaker, where they will overcome, to 
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Fig. 2fi( 



—Low- Volt age Choke Coil. 



some extent, the high-voltage reactive kick through the ma- 
chine when the circuit is opened. 

716. How are choke colls made? 

For high-voltage circuits they are usually made of alumi- 
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Fig. 2f.7.— Clioke Coil for AlU' 
num rod wound in the form of 
convolutions being separated by air-spaces. For low yolta; 
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insulated wire is used, and the convolutions lie close together, 
as in Fig. 266. For low frequencies, requiring a large num- 
ber of turns, the convolutions are usually put in concentric 
form, as in Fig. 267, for the sake of compactness. These 
coils are heavily insulated and have the line wire at the top, 
as shown. A bracket, as seen in the illustration, is generally 
used for mounting the coil on the wall, the coil being sup- 
ported by clamps in the central opening. 

RHEOSTATS 

717. What is a rheostat? 

A device for introducing a variable amount of ** dead ^' 
resistance in a circuit. 

718. How is a rheostat made? 

It usually consists of several coils of wire connected to a 
series of contacts, whereby more or less of the wire may be 




Fig. 268. — Diagram of Rheostat. 

introduced as resistance in the circuit through a movable arm 
which engages with the contacts. 

This is illustrated diagrammatically in Fig. 268, where 
one terminal of the circuit is shown at e, the resistance at x, 
and the other terminal of the circuit is shown at c, the amount 
of resistance introduced being controlled by the metal con- 
tact arm m. With the arm m at 0, none of the resistance x 
is in circuit, but as m is moved toward the right over the 
studs s, it introduces in circuit at any one time the resist- 
ance of X between the stud upon which the arm rests and 0. 

719. In what form are rheostats made? 
Rheostats are made as shown in Fig. 269 for mounting on 
the face of a switchboard or on a wall, post or table, and as 
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shown in Pig. 270 for mounting behind the switchboard. jLjs 
a matter of fact, the rheostats are the same in both casesi, . 
but the contact arm m in the latter is connected by a rod tgA 
with the hand-wheel w which extends through to the front of j 
the board, the iron arm r holding the rheostat behind the j 
switchboard clear of the bus-bars and i^ables. 

Referring to Pig. 269, the contact studs x are made of I 
brass and arranged in the form of a circle on the slate top s, 




as shown. To these are connected the resistance units, 
mounted in the ventilated base h, which are all connected 

together in series and the end terminals joined to the binding 
posts and e. Beneath the top there is a wire connection be- 
tween and m. Consequently, when the rheostat is connected 
in circuit at the binding posts o and e, with the contact arm 
m up against the left side of the stop v, no resistance is 
introduced, because the current entering at o passes direct 
to m and thence to the first of the contact studs and out at e. 
If, however, m be moved in a counter-clockwise direction, 
making contact with the successive studs, the resistances con- 
nected to them will be included in circuit, and when the 
arm is around on the stud at the right of the atop v, thft' 
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I "^hole resistance of the rheostat will be introduced in circuit 
[loetweeii o and e. 

720, How are the resistances used in rheostats, con- 
structed and mounted? 

They should be of an alloy having a high resistance, a high 
fusing point and not appreciably affected by change in tem- 
perature. They should be of such size that they will not heat 
too much under the action of the current, and not vary in 
value while in service. When carrying their maximum cur- 
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Fig. 2C!I-A, 
269. 

rent, their temperature should not rise above 195 degrees 
Fahrenheit. 

Attention is called to Fig. 269-A, which shows the con- 
struction and arrangement of the resistance in the rheostat, 
Fig. 269, according to two methods, both of which are in 
common use. In both cases the resistance is non-corrosive 
wire wound over fire-proof insulation on metal bars, the shape 
of the bars and the method of winding being such that no 
two adjacent turns of the uninsulated wire can come in 
contact with each other. At the left of Pig. 269-A the resist- 
apce wire is wound on short broad bobbins, which are mounted 
on the back of the face plate and perpendicular to it, by 
attaching them directly to the contact studs. In the right 
illustration the resistance wire is wound on long narrow por- 
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les of the I 
id porce- u 



celain bars, which are mounted between opposite sides o 
enclosing box, the ends of the bars resting in cored porce- 
lain blocks, thus doubly insulating the wire from ground, 

721. Are the rheostats in Figs. 269 and 270 used in con- 
nection with generators and motors? 

They are uaeil in the field circuits of generators to control 
the voltage, and in the field eireuits of motors to control the 




Fig. 270.— Rlipost, 



igcd for fiiv.i tell 1)0.1 rd Mounting. 



speed. In the starting of motors a specially equipped rheostat 
is used in the armature circuit. 

722. What special equipment is used in motor-starting 
rheostats ? 

Motor-starting rheostats generally comprise a rheostat 
equipped with an automatic no-voltage release and sometimes 
an overload device. 

723. How are these rheostats used in starting up a 
motor? 

A mot or- starting rheostat is used to prevent an abnormal 
current from passing through the motor when it is first con* 
nected to the line and to keep the current within safe limits 
during the acceleration period, after the armature begins to 
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revolve. As the accelerating period is usually not over 15 
seconds in duration, the controlling function of a motor- 
starting rheostat is temporary only, that is, it is serviceable 
only while the motor is speeding up. The resistance con- 
ductor in the rheostat, therefore, is not designed to carry 
the full current longer than 15 seconds, or thereabouts. 

734. How do motor-starting rheostats protect a motor? 

If equipped with a magnetic no-voltage release they open 
the motor circuit automatically upon the failure of the cur- 
rent supply. It often happens that the supply of current is 
cut off and then suddenly turned on again. If the armature 
of the motor is in circuit and not protected at this time, the 




Fig. 271. — Motor- star ting Rheostat witli Automatic No-Voltage Ee- 

sadden rush of current through it might produce disastrous 
results in the way of damage to the armature. 

725. Show a motor-starting rheostat equipped with an 
automatic no-voltage release. 

Fig. 271 shows a motor-starting rheostat thus equipped. 
The automatic release is arranged so that when tlie supply 
of current is interrupted, the little magnet a, which is con- 
nected in series with the line through the resistance of the 
rheostat and holds the lever s in the " On " position, becomes 
demagnetized and allows the lever to fly back, under the 
influence of a spring, to its " Off " position, as shown in the 
illustration. 
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When the supply current is again turned on the main line, 
it cannot flow through the armature of the motor until the 
attendant raovi's the lever s over the series of contacts m, 
starting the motor gradually as before. 

The retaining magnet a can be connected in series with 
the shunt field winding of the motor, and the armature will 
therefore be cut out of circuit if by any accident the field 
circuit should become broken. The resistance of this magnet 
coil is so small that it does not weaken the magnetizing effect 
of the field winding appreciably. 



726. What is the purpose of the overload attachment 
mentioned in Answer 722? 

To protect llii.^ motor from heavy overloads or short-circuits, 
and also to afford a convenient means of ascertaining t 





strength of the current in the armature circuit. The over- 
load release is intended to act as a safety device only for 
overloads not greater than 50 per cent, above the rated 
capacity of the motor with which it is used. For overloads 
" I this, fuses should be depended upon. This 

, however, permits using larger fuses, and thus 
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saves the annoyance and expense of frequently renewing 
them. 

727. Illustrate and describe a motor-starting rheostat 
equipped with an overload release. 

A motor-starter of this class is shown in Fig. 272. Aside 
from the overload attachment, the starter is similar to the 
one previously described. The overload release consists of 
a small magnet m, through the winding of which passes the 
full current of the motor. When this current becomes exces- 
sive, the magnet attracts its iron armature and opens the 
circuit of the retaining magnet a which holds the lever s at 
the **0n'' position. This circuit is opened by means of the 
insulating wedge e on the end of the armature lever flying up 
when the armature is attracted and separating the two metal 
contacts at c, thereby opening the circuit of the retaining 
magnet a. The retaining magnet a, losing its power, releases 
the rheostat lever s, which flies back, actuated by a spring 
in its hub, and by opening the circuit shuts down the motor. 

728. How is the resistance in a motor-starting rheostat 
constructed? 

In motor-starting rheostats of moderate capacity the con- 
ductor is in the form of high resistance, non-corrosive wire, 
wound around asbestos tubes, and the whole covered and 
baked. In the larger sizes, cast grids are used for the 
resistance. 

729. In case it is desired to vary the speed of a motor 
by changing the strength of the field, how is this arranged 
when a motor-starting rheostat such as the one just de- 
scribed is used? 

An adjustable resistance for varying the current in the 
field winding of the motor is connected in series with the 
no- voltage magnet, and both are connected in the shunt-field 
circuit. Motor-starting rheostats are made, however, in which 
the adjustable field resistance for speed variation is contained 
in them. 
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730. Show and describe one of these combined motor- 
starting and regulating rheostats. 

Beferring to Fig. 273, the apparatus consists o£ a motor- 
starter similar to those previously shown, and a series of 
buttons d connected to poiuts in the field-regulating resist- 
ance, together with a field switch arm o, mounted on the s 



Fig. 273.— Combined lli 




mi Regulating Rheostat. 



hub post r as the starting arm m and cooperating therewith. 
The field switch arm is so interlocking with the starting 
arm m that the former cannot be moved from the full field 
position until the latter is in the full " On " position. When 
the starting arm m is released by the no-voltage coil a and 
returns to the " Off " position, it carries the field switch arm 
back to the full field position. A circuit breaker is included 
in this motor-starting and regulating rheostat set, as shown 
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at k, and the whole is wired up and connected in circuit as 
shown in Fig. 274. 




Fig. 274. — Diagram of Wiring and Connections of Rheostat in Fig. 273. 

731. How are motor-starting rheostats mounted on a 
switchboard? 

They are usually mounted at the lower part of the panel 
so that the handle of the contact arm is about 40 inch^ above 
the floor. 



SWITCHBOARD WIRING AND 

OPERATION 

732. How should the wiring on a switchboard be 
planned ? 

The plan of wiring for a switchboard should be laid out so 
that the arrangement of instruments and other apparatus on 
the front of the board will be logical and symmetrical. No 
less attention should be paid to symmetry behind the board, 
for thereby the arrangement of wires and bus-bars is sim- 
plified, making it easier to discover and remedy defects than 
would otherwise be the case. Each conductor should run 
straight with one edge of the board; that is, it should be 
either vertical or horizontal. There should be as few bends 
as possible in large wires, and sharp turns at corners should 
be avoided in order not to strain or crack the conductors and 
their insulation. 

733. What distances should be allowed between the 
wires on a switchboard? 

That depends upon the difference of potential, or ** volt- 
age,'' between neighboring wires. Whatever this voltage be, 
the distance should be maintained uniformly throughout, and 
not diminished where the wires cross each other. A good plan 
consists in having all vertical wires in one vertical plane and 
all horizontal wires in another plane. For example, all hori- 
zontal wires may be located 6 inches from the board and 
all vertical wires 12 inches distant from it; then there will 
be a clearance of 6 inches between all vertical wires and all 
horizontal wires. This clearance may be reduced to 3 or 4 
inches for low-voltage systems, but would make changing and 
repairing less convenient. 

734. Should switchboard wires be insulated? 

Yes, especially those on high-potential boards, in which 

434 
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case wires insulated especially for high voltages should be 
used. When a wire is brought unusually close to the switch- 
board surface, or to another wire, it should be provided with 
additional insulation in the shape of tubing. Soft rubber is 
used considerably for this purpose, but it is not satisfactory 
because it deteriorates rapidly and is readily destroyed by 
heat and unfavorable atmospheric conditions. Metallic- 
covered tubing is unsuitable, for no metals should be brought 
near the switchboard except the conductors and necessary 
appliances. Flexible tubing composed of mica, etc., is me- 
chanically secure, fireproof and a good insulator. This, or 
something similar, will give better satisfaction than the rub- 
ber compounds. 

735. How should the wires approach and leave the 
switchboard? 

That depends entirely upon local conditions. For low- 
potential plants of large current output the arrangement 
should be such as to make all connections as short as pos- 
sible, but for high-potential systems, and in nealrly all small 
plants, this precaution may be neglected if there are con- 
flicting conditions of importance to be considered. The wires 
should not run back and forth any more than is necessary, 
and when the leads from the generators come to the board 
from below and the out-going mains leave from above, the 
switches and other circuit members should be arranged 
so that the current will be conducted through the apparatus 
in regular order upwards. When all wires approach and leave 
at the top or bottom of the board, it is customary to have all 
the leads from the generators on one side, and all the out- 
going mains on the other side of the board. 

SHUNT GENERATORS 

736. Illustrate and describe how a switchboard should 
be wired for a shunt generator to supply current to one 
work circuit only. 

Fig. 275 gives a switchboard-wiring diagram for this case. 
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and represents the simplest form of switchboard wiring that 
occurs in practice. The wires behind the board are shown 
by dotted lines; the heavy lines represent the large wires 
or feeders which conduct the current to the oat-going circuit, 




Work Circuit 



feeding One 



and the fine lines represent the smaller wires making neces- 
sary connections. 

Either terminal of the generator may be positive, but for 
the sake of simplifying the diagram the left-hand terminal is 
assumed to be positive and all wires connecting with that 
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side are designated +, accordingly. The negative lead c runs 
from the generator a to the fuse or safety cut-out /, thence to 
one blade of the double-pole switch d, from which it passes to 
the circuit breaker ^r, and then out on the line c. Prom the 
positive terminal of the generator the lead b runs through 
another fuse to the other blade of the switch d, and thence 
to one terminal of the ammeter A; from the other terminal 
of the ammeter a wire passes out to the line V. 

So long as the switch d and the circuit breaker g are closed, 
the outside circuit completed and the dynamo a generating, 
there will be a flow of current in the wires mentioned. Both 
sides of the circuit may be opened by pulling out the switch 
d, and the negative side may be opened by the circuit breaker 
g being operated ; if either of the fuses / / are blown, the cir- 
cuit will be opened at that point. The fuses employed are 
usually of suflRcient capacity that they will not be blown by 
a small overload, since they are supposed to act only when 
the circuit breaker fails to work properly. Sometimes the 
wires b and c are run first to the switch d, and then to the 
fuses / /, but the arrangement shown in the diagram is prefer- 
able because it protects the generator in case of an accidental 
short-circuit across the blades of the switch. 

737. For what purpose is the other wiring on the switch- 
board shown in Fig. 275 but not mentioned in Answer 736? 

For the control of the exciting circuit of the generator. 
Current must pass through its field winding and the ter- 
minals of this circuit are connected to the main terminals 
of the generator, but a rheostat is introduced in the circuit 
so that the field excitation, and therefore the voltage, of the 
dynamo may be regulated. In Fig. 275 one terminal of the 
field winding is connected directly to the positive terminal 
of the generator; the other terminal of the winding, instead 
of connecting directly with the other terminal of the machine, 
is connected by a wire h with the rheostat i on the switch- 
board. 

It is not necessary to run a wire from the other terminal 
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of the rheostat i all the way back to the negative terminal 
of the generator, for the wire c extends from this terminal to 
the board, and connection may be made with it at the point l. 
This point .may be anywhere on the negative wire c so long 
as its location will not cause the field circuit to be discon- 
nected when the main circuit is opened by either fuse, switch 
or circuit breaker. 

738. How about the voltmeter connections? 

One terminal of the voltmeter V is connected to the nega- 
tive terminal of the generator at I; the other voltmeter ter- 
minal is directly connected with the wire 6, running to the 
positive terminal of the generator. It will be noticed that 
this positive voltmeter lead crosses over the positive main 
6' near the voltmeter, and it may puzzle the reader to know 
why the connection is not made here. The reason is that 
whenever the main switch d is open, the voltmeter would be 
disconnected from the generator. This would not be satis- 
factory, since it is desirable to know the voltage of the 
machine before the main switch is closed. 

739. What are the parts marked p and p' in Fig. 275? 
These are incandescent lamps which constitute a ground 

detector, as described in Answer 609, the ground circuit of 
which is closed or opened at the plug t. Connection is made 
with the positive side of the circuit at r, and with the negative 
side at r'. The two lamps p and p' are connected in series, 
and the ground wire is connected between them at s. The 
wire passing to the ground at q runs through the plug t, so 
that the detector may be cut off, or simply connected in at 
intervals, as desired. 

740. For what purpose are the lamps m and n, Fig. 275? 
To illuminate the dials of the ammeter and voltmeter. They 

are connected in parallel across the wires leading to the volt- 
meter. One side of the lamp circuit connects at 0, and the 
other side connects at 0'. 

741. How should a switchboard be wired for a shunt 
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generator which is to supply current to more than one work 
circuit? 

Fig. 276 gives a switchboard-wirii^ diagram for this ease. 
Bus-bars are now needed, or rather they are extremely con- 
venient, if not absolutely necessary. The increase in the 




number of work circuits also changes the plan of the switch- 
board wiring from that in Fig. 275. The positive lead from the 
generator is now represented by the line a ; the negative lead 
by 6', and c is the field rheostat connection. Instead of run- 
ning the leads from the switch r and the instruments directly 
to the out-going or work circuits they are carried to the bus- 



440 ELECTRICAL CATECHISM 

bars. The difference of potential between the positive bus-bar 
a and the negative bus-bar 6 is practically the same as the 
voltage of the generator, and by making the proper connec- 
tions they will supply as many work circuits as desired. 
Two work circuits are shown at e e and / f. Two double- 
pole switches g and h are connected in these circuits, and by 
means of them either or both of the circuits may be opened 
or closed. The fuses ii' and j j' are connected in to protect 
the circuits in case they become short-circuited. 

In Fig. 276 the locations of some of the apparatus have been 
changed from those in Fig. 275 for the sake of symmetry and 
convenience. The circuit breaker s, for instance, has been 
placed directly over the main switch r, to avoid the necessity 
of having to cross the board with the wire q. The ground 
detector lamps p and p are located near the upper comers 
of the board, where they are out of the way. The plug t in the 
ground wire of the detector lamps is near the center of the 
board and in a convenient place. 

In the wiring diagrams thus far presented, the leads from 
the generator connect with the main switch before running 
to the circuit breaker. This method has been followed in order 
to make the first diagrams as simple as possible; it is some- 
what safer, however, to run the leads from the generator 
directly to the circuit breaker, and this method will be fol- 
lowed in subsequent diagrams. 

742. How is a switchboard wired for the three-wire 
system described in Answer 297? 

Fig. 277 shows the switchboard wiring for a three-wire 
system. In this illustration, a and a represent two ordinary 
shunt-wound machines. Since there are three main wires, 
there are three bus-bars, v, w and x, of which w is the neutral 
bus-bar and connects the negative side of the dynamo a to 
the positive side of the dynamo a. The lead from the positive 
side of the dynamo a runs through the circuit breaker b, the 
ammeter A and the switch d to the bus-bar v. In the same 
manner the negative terminal of the dynamo a' is connected 
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with the circuit breaker b', the ammeter A', the switch 
(f and the bus-bar :^. This makes the bar v positive and the 
bar X negative ; since the dynamos are rated at 110 volts each, 
there is a difference of potential between the bus-bars v and x 
of 220 volts, while the pressure between the neutral bus-bar w 
and either one of the main bus-bars is 110 volts. 




As many circuits as desirable may be connected to the bus- 
bars, two being shown in the illustration connected through 
the switches e and e'. Since each circuit from the bus-bars 
consists of three wires, three-pole switches are necessary. The 
fuses are connected to the wires of each circuit as shown at 
u, V and z, in each ease. Each machiae is provided with its 
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own instruments and appliances, which are connected the 
same as if there were only one machine wired to the switch- 
board. 

743. Explain the method used in Fig. 277 of wiring the 
ground detectors in circuit. 

The ground detector connections are shown dotted so that 
they will not be confused with the other lines. The lamps 
are shown at j, k and Z, and m and n represent the plugs used 
to connect the apparatus with either one of the mains. The 
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Fig. 278. — Ground Detector Connections. 

principle of the detector connections is more clearly illus- 
trated in Fig. 278. Here h is the neutral wire, and a and c 
are the outside wires of the circuit. At A the lamps are shown 
in the same relative positions as in Pig. 277; at B they are 
connected in the same manner as at A, but are differently 
arranged. The letters indicating the circuits and devices are 
the same in both parts of the diagram and the explanation 
which follows applies to both. 

The three lamps are shown in Pig. 278, at d, e and /, con- 
nected in series with each other. One of the terminals is 
connected to the neutral wire, and the other terminal may 
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be connected with either of the main line-wires, a or c, by 
means of plugs g and h. At k the ground wire i is connected 
through the plug L So long as all plugs are out, the lamps 
will be dark; if there be no ground, the lamps will remain 
dark when the plug I is inserted. If, however, there be a 
ground on either one of the main wires a or c, the lamp d 
will bum brightly when the plug I is inserted, leaving the 
lamps / and e dark. Knowing that there is a ground on one 
of the two main wires, the plugs g and h are tried, one at a 
time. When the grounded side is plugged, the condition of 
the lamps will remain the same, but if the side clear of 
pounds be tested, all of the lamps will light to candle-power. 
When there is a ground on the neutral wire 6, it will be im- 
possible to light the lamp d while the ground plug Z is in ; and 
the lamps / and e will be only red, or not up to candle-power, 
while either of the outside or main wires is being tested. 

744. What general precautions should be observed be- 
fore starting up a direct-current generator? 

Notice must be taken that everything is in proper running 
order. First of all, the machine must be clean, and all bolts 
and screws must be properly tightened. The connections 
must be in good condition, that is, every wire must be in its 
place, and there must be no unintentional grounds or short- 
circuits. The oil cups must be filled to the proper height 
as indicated by the gage, and the oil rings must be free to 
move. Care must be taken to have the brushes correctly ad- 
justed and set. 

745. In starting up a new machine, what general rules 
should be followed? 

Before applying the source of power, the rotating part of 
the generator should be turned around a few times by hand 
to see that the shaft moves freely. Then it should be started 
up under power very slowly, and watched closely so that it 
may be stopped immediately if anything goes wrong. When it 
is nearly up to normal speed the switch in the field circuit may 
be closed, but all the field rheostat resistance should be in 
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circuit. If a comparatively low voltage is then generated, 
the machine may be brought to its normal speed, after which 
the rheostat resistance should be cut out gradually until the 
full working voltage^ or a little less, is obtained. In this con- 
dition the machine should be allowed to run for several hours 
without load. 

The circuit to which it is to be connected should have a 
comparatively small load at first. The fuses then being in 
position, and of the proper rating, the circuit breaker may 
be closed and then the main switch closed. The ammeter 
should at once be observed; if everything is all right, its 
indication of amperes will be relatively low. The voltage may 
then be brought up very gradually. For a few hours both 
the current and the voltage should be kept somewhat below 
the normal rating of the generator. 

After it is known, beyond doubt, that the bearings, wind- 
ings and other parts of the machine are working properly, 
the load may be gradually increased, but it is usually ad- 
visable not to make it very heavy for several days. If the 
machine has any serious faults, they are liable to make them- 
selves evident during this time, and it may be possible to 
apply a remedy, if necessary, before serious injury is done. 
While changes in load are being made, every part of the 
machine should be carefully watched, especially in regard to 
the temperatures of the different parts. 

746. How should a direct-current generator be shut 
down? 

If operated alone, it should be shut down by cutting off 
the motive power; the current will then gradually decrease 
to zero, and when the machine has stopped, the main switch 
and circuit breaker may be opened without sparking or other 
difficulty. Except in an emergency, a generator should never 
be disconnected from the circuit it is feeding until the cur- 
rent in that circuit has been reduced to a minimum. The 
discharge of magnetism, the mechanical shock and the flashing 
at the contact points where the circuit is opened, unless the 
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opening takes place in a circuit breaker which is intended 
for this usage, are likely to damage the affected parts. 

747. What precautions are necessary in operating shunt 
generators in parallel? 

Before switching a generator in parallel with one that is 
running and carrying a load, it is necessary to make sure 
that the positive terminals of both machines will be connected 
to the same bus-bar when the switch is closed, and likewise the 
negative terminals to the other or negative bus-bar. The voltage 
of the machine which is to be * * thrown in ' ' circuit should be 
lirought up until it is one or two per cent, higher than that of 
the loaded machine. The main switch of the * * in-coming ' ' gen- 
erator may then be closed, and by watching the ammeters and 
regulating the field rheostats in accordance therewith each 
machine can be made to take its share of the load. 

748. How should a shunt generator which is operating 
in parallel with others be shut down? 

The resistance in its field rheostat must be cut in until 
the ammeter in the main circuit of the machine indicates that 
it is carrying only a very small current. Then the circuit 
breaker may be opened and the generator shut down. Par- 
ticular care must be exercised not to open the shunt-field 
circuit of a generator that is running in parallel with an- 
other, as that would cause one of the machines to be short- 
circuited through the other, and without the operation of a 
quick-acting circuit breaker or fuse it would cause the burn- 
ing out of both armatures. 

749. Illustrate and describe how a switchboard should 
be wired for shunt generators to. be operated in parallel. 

Fig. 279 shows the plan of switchboard wiring for three 
generators connected to the wires at a, c and e. Only two 
baa-bars, h and m, are employed, one of which is connected 
to the positive terminals of the machines, while the other is 
connected to the negative terminals. To" these bus-bars are 
also connected the out-going wires at b, d and /. The out- 
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going circuits may be increased to any number and can be 
worked up to the combined output of the generators. 

The lamp and ground-deteetor connections have been omit- 
ted, since they are exactly the same as in the preceding dia- 
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Switchboard Wiring of Shunt Generators operating i 



grams. The negative wires from the generators run to the 
upper terminals of the switches r, s and (, instead of to the 
lower terminals as in the previous diagrams. Either method 
is permissible, the one providing the most convenience in any 
particular case being preferable. Each generator eireuit has 
its own ammeter, which is always necessary, and there is also 
a voltmeter for each machine. It is possible to operate with 
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only one voltmeteF on the board, but it is advisable to have 
at least two, one connected to the bus-bars, and the other so 
wired that it may be connected with any one of the gen- 
erators by means of a switch. The most satisfactory method, 
however, consists in having one voltmeter for each generator. 



SERIES GENERATORS 

750. Can two series generators be operated satisfac- 
torily on the same circuit? 

They can if connected in series. Fig. 280 shows two series 
generators, a and b, thus connected across the bus-bars h and 




Fig. 280. — Diagram of Two Series Generators connected in Series. 

m. The positive terminal of a is connected to the negative 
terminal of b, the positive terminal of b is connected to the 
bus-bar h, and the negative terminal of a is connected to the 
bus-bar. m. The helix c represents the series field winding of 
a, and d the series field winding of 6. 

To make each machine do its share of work, that is, gen- 
erate the same voltage, it is necessary to provide means for 
regulating the current in the field windings, c and d. To ac- 
complish this, rheostats i and j are connected in shunt with 
the field windings, and by means of these the current in 
the windings is regulated. By moving the arm of the rheostat 
i, for example, so that some of the shunt resistance is cut out. 
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the current through the shunt will be increased, that in the 
field winding c will be decreased and the voltage of the gen- 
erator a will, consequently, be diminished. The voltage of 
the generator & may be similarly regulated by the rheostat 
j in shunt with the field winding d, 

751. Can series generators be operated satisfactorily in 
parallel? 

They will not operate in parallel if connected up like shunt 
machines in parallel, for a drop in the voltage of one gen- 
erator will cause that machine to drop a part of its load, 
and this, in turn, will diminish the strength of its field and 
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Fig. 281. — Diagram of Two Series Generators connected in Parallel. 

cause the load to drop off still more. As its load drops, the 
voltage decreases and soon reaches a point where the other 
machine running in parallel with it will overpower this one 
and operate it as a motor; this condition would be injurious 
to both machines. The difficulty may be overcome by keep- 
ing the voltage always the same across the field windings of 
both generators. To insure this, the field windings of the 
machines are connected in parallel, as shown in Fig. 281. 
Here c and d are the field windings of the series generators a 
and &, respectively. One end of each of the field windings is 
connected directly to the bus-bar h, and the other ends are 
connected to a heavy wire e. This connection causes the dif- 
ference of potential between the two ends of both field wind- 

m 

ings to be the same, so that the current is equally divided 
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between the two windings. Each machine will, therefore, 
have the same field strength and generate the same pressure, 
and if for any reason one machine becomes weakened, the 
stronger one will build up the weaker one. Since the wire e 
serves to equalize the pressure across the two field windings, 
this wire is called an *' equalizer." 



COMPOUND GENERATORS 

752. Can compound generators be operated in series sat- 
isfactorily? 

They can. Fig. 282 shows two compound generators a and 
6 connected in series across the mains h and m. The shunt 




Fig. 282. — Diagram of Two Compound Generators connected in 
Series; Separate Field Control. 

field windings e and / of the two machines are controlled by 
the rheostats i and j. When two compound generators are 
operated in series regularly, it is advisable to have them of 
the same size and type so that their voltages will always 
be equal. The two shunt windings e and / may then be con- 
nected in series with each other and with a controlling rheo- 
stat g, as illustrated in Fig. 283. This method insures equal 
field excitation and, consequently, proper division of the 
load. 
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753. Can compound generators be operated in ^parallel 
satisfactorily? 
Yes. Parallel operation is one usual method of working 
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Fig. 283. — Diagram of Two Compound Generators connected In 
Series; Common Field Ccmtrol. 

two or more compound generators together. The connections 
are shown diagrammatically in Fig. 284. The equalizer, which 
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Fig. 284. — Diagram of Two Compound Generators connected in 
Parallel. 

maintains an equilibrium between the electromotive forces of 
the two machines, is the principal feature to consider. It 
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consists of two heavy wires, g and g\ running to an extra 
bus-bar h, which connects them and thereby completes the 
equalizing circuit. The equalizing circuit is carried to the 
switchboard and wired through a switch in order that it may 
be closed and opened at the same time the machines are con- 
nected with or disconnected from the main bus-bars. 

Care must be taken to connect the equalizer to the junctions 
between the series windings and the brushes of the machines, 
— not to the outer terminals of the series windings. To insure 
good regulation, the equalizer must have ample current- 
carrying capacity; it should never be smaller than the main 
leads of the generators connected. 

754. What precautions are necessary in operating com- 
pound generators in parallel? 

Before switching them together the voltages must be nearly 
alike, the voltage of the unloaded machine being a trifle higher 
than that of the one already in use. If the equalizers run 
to the main switches on the board, no attention need be paid 
to them, as they will be connected at the same time the ma- 
chines are thrown together. If, however, the equalizing wires 
are separate, care must be taken to close the equalizer switches 
at the same time the machines are thrown together. 

The terminals of both machines to which the shunt resist- 
ances across the series windings are fastened must be con- 
nected to the same bus-bar. Then if the polarity of the gen- 
erator is wrong, it must be corrected by exciting the field 
properly with current from another machine. Care must 
be taken not to open the equalizing circuit of two compound 
generators while they are running in multiple. 

755. Show a switchboard and its wiring for operating 
a compound-wound generator. 

In Fig. 285 the three-panel switchboard is equipped for a 
single compound-wound generator to supply six feeder or 
work circuits. The left panel contains the equipment for 
controlling the generator and the other two panels contain 
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the fused switches for the six feeder circuits. Fig. 286 gives 
the wiring diagram for the generator panel and one feeder 
panel, as viewed from the rear, the remaining feeder panels 
being a duplicate of the one shon-n. 

It will be noted that the main switch d of the generator is 
wired to an equalizer bus-bar; this, of course, is not OGed in | 
the present case, but is ready for connection in case another ' 




generator and panel become necessary, so as to operate thai 
machines together in parallel for carrying additional load..! 
The generator circuit is protected by a single-pole circuit'] 
breaker ft, and each of the feeder circuits by enclosed fuses I 
f, etc. The handwheel iv operates a rheostat mounted on the I 
back of the board and connected in the shunt field circuit of I 
the generator. The voltmeter and ammeter are shown side I 
by side above the handwheel, and above these are the ground I 
detector lamps a and e. The main connections between ap- f 
paratus and to the bus-bars are made with copper strap. The 1 
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bus-bars are supported from the framework by means of 
brackets fitted with porcelain insulators. 

756. When two or more compound generators are used 
together for giving iio-volt service, how are they generally 
connected? 

To a three-wire system, as illustrated in Fig. 287. Pour 




Fig. 296.— Wiring Diagrain of Swftchboard in Fig. 286. 

compound generators are there shown, two being connected 
on each side of the neutral wire. As many machines as de- 
sirable may thus be connected, taking care that all of those 
on each side of the neutral are properly connected in parallel. 
In the diagram, 3 is the neutral bus-bar, i the negative and I 
the positive bus-bar. The generators r and s are connected 
on the negative side, and the generators ( and u on the posi- 
tive side of the system. In the connections for the generators 
f and s, the wires a and d run to the negative bus-bar t, and 
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the positive wires b and e run to the neutral buB-bar j, to 
which are also connected the negative wires of the generators 
( and M* The equalizer wires of generators r and s extend to 
a separate bus-bar k, and in order that they may be simulta- 
neously connected with and disconnected from the mains they 
are led through the same switches, g and h. On this account 
the switches g and h are provided each with three blades, the 




middle one controlling the equalizer connection. The jaws 
receiving the middle blade are a fraction longer than the 
others, so that when the switch is thrown in, the equalizing 
circuit will be closed a trifle sooner than the main circuit. 
This is to avoid the danger of having one machine feed into 
the other one. 

The equalizing wires of the generators ( and u are con- 
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nected through the bus-bar m and the positive wires are con- 
nected to the bus-bar I. The current for the line passes out 
on the positive wire from the generators ( and u, and after 
passing through the outside circu-it returns through the bus- 
bar i to the negative terminals of the generators r and s. 
Any one of the machines may be provided with a double-throw 
switch by means of which it may be connected to either the 
positive or the negative side of the system. The reader should 




Fig-. 288. — Switeliboard Panel for Dirpct- Current Three-Wire Gen 



he careful not to confound the equalizing bus-bars with the 
otherB. 

The field rheostats n, o, p and q are located behind the 
center of the switchboard, where there is the most space for 
them; their connections are indicated by the dotted lines. 
Only two voltmeters are provided, one being connected be- 
tween the neutral and the positive bus-bars and the other 
between the neutral and the negative bus-bars. 

757. How ia a switchboard arranged and connected for 
a direct-current three-wire generator to supply current to 
a three-wire system? 
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A completely equipped switchboard panel for a direct- 
current three-wire generator is shown in Fig. 288. The dia- 
gram of connections in Fig, 289 shows how the generator is 
connected to the apparatus on the switchboard generator 
panel when viewed from the rear, and how this in turn is 
connected with the fused switches on one of the feeder panels. 




to a Three-Wire 



At the top of the generator panel is a four-pole carbon cir- 
cuit breaker c automatii^ally tripped through a relay r when 
actuated by an abnormally high armature current. Below 
this is a voltmeter v and two ammeters a and a, the latter 
wired to ammeter shunts mounted on the generator frame 
in the two outside wires. Next below the meters on the left 
is the ground detector d, which consists of two 220-volt in- 
candescent lamps connected to the circuit so as to form a 
continuously indicating detector. One lamp is connected be- 
tween each positive or negative line and ground. In line with 
the lamps is the handwheel n of the generator field rheostat 
and the voltmeter switch s, and below these are the two 
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double-pole switches h and I iu the armature leads to the 
bus-bars. 

Switches are not provided for disconnecting the balance 
coils from the collector rings on the generator, as these cir- 
cuits can be opened by lifting the collector brushes. 

758. How should a switchboard be arranged for allow- 
ing any of the generators in the plant to be excited from 
the bus-bars, in case some of them become demagnetized or 
will not build up readily? 

The switchboard equipment and wiring should follow a 
plan such as shown in Fig. 290. The bus-bars k and m are 
supplied with current by one or more of the generators a 




be Temporarily 



in the plant. Suppose the generator a should have difBculty 
in building up when started. By closing the switch d' in the 
auxiliary circuits k' V the full pressure on the bus-bars will 
be applied to the field winding e, the current passing through 
the wires represented by dotted lines. When the voltage of 
the generator a' has come up to its normal value, and the 
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switch V has been closed, the switch c may be closed and 
d' opened, as shown for the machine a. 

Each generator in the plant may advantageously be con- 
nected in this manner. It will be noticed that the auxiliary 
circuits of the generators a and a include the field-circuit 
rheostat. If these were connected between the rheostat and 
the field winding, it would not be possible to regulate the 
voltage of the machine while the switch d or d' was closed. 

ALTERNATORS 

759. Does the switchboard wiring for alternators follow 
any general plan, or does the wiring differ for each par- 
ticular case? 

Each case generally has some feature peculiar to itself, 
but the principles in general are the same in all cases. 

760. Show the usual method of switchboard wiring for 
a jingle-phase alternator and its exciter. 

Fig. 291 shows one arrangement. Here a is the alternator 
and & the exciter generator; the field windings of these ma- 
chines are indicated by p and q, respectively ; the direct-current 
conductors are represented by dotted lines, and the solid lines 
represent wires that conduct alternating current. The field 
magnet of the alternator is excited by current from the gen- 
erator &, carried by the wires d and d\ which terminate at the 
lower terminals of the double-pole switch g; the upper ter- 
minals of this switch are connected with the field winding p 
and the rheostat e. The rheostat / is connected in the field 
circuit of the exciter &, and is used to i^egulate the voltage of 
the exciting current. 

761. Why are some of the wires in Fig. 291 represented 
by heavy and some by light lines? 

The main wires from the alternator are represented by 
heavy lines and are identified by the letters c and c ; they are 
connected through the fuses j and i, to the lower terminals 
of the double-pole switch k; from the upper terminals of this 
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switch, wires run to the single-pole circuit breakers r and s. 
Prom here c' runs to the bus-bar m, and c is led to the bus- 
bar h after passing the ammeter u. Outgoing work circuits 
may be connected to the bus-bars h and m; if there are two 
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Fig. 291. — Switchboard Wiring for Single-Phase Alternator and its 
Exciter. 

or more out-going circuits, each should be provided with a 
switch, which may be located on the switchboard at either side 
of the main switch k, 

762. What are the coils indicated at 1, Fig. 291? 

The alternator a is usually of too high a voltage to have 
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lamps or other electric appliances connected directly to its 
mains ; a small transformer I is therefore provided and located 
behind the board, for the pilot lamps n and o, and the volt- 
meter V. The primary terminals of the transformer are con- 
nected to the alternator leads c and c' by the wires w and x; 
these wires must be connected to the lower terminals of the 
switch k so that the transformer will not be disconnected 
when the switch is open. To the secondary winding of the 
transformer are connected the pilot lamps n and o, and the 
voltmeter v. At f is a ground detector, which may be of any 
type suitable for alternating currents and the voltage of the 
circuit to which it is connected. The connections of this de- 
tector are not shown because they depend upon the kind of 
ground detector adopted. 

763. Why are safety fuses and circuit breakers both 
used ? 

Fuses are connected between the alternator and the main 
switch, in order that they may protect the machine regardless 
of the position of the main switch blades. Circuit breakers 
are seldom used when the voltage is above 3000, but for low 
voltages they may be used to good advantage beyond the main 
switch to protect promptly against external short-circuits. 
They should be of the single-pole type to prevent a short- 
circuit from the arc that occurs when the circuit breaker 
operates. 

764. Show the usual arrangement of apparatus on a 
low-voltage three-phase switchboard and the method of 
wiring employed. 

Fig. 292 shows a two-panel switchboard equipped for a 
single three-phase alternator of 110, 220 or 440 volts and 
600 amperes, to supply current to two feeder circuits. The 
alternator or generator panel at the left is fitted with three 
ammeters, one for each phase, and a single voltmeter, which 
are connected in circuit as shown in Fig. 293. By means of 
a voltmeter plug, the voltmeter connections can be conven- 
iently shifted at will across any of the phases. 



SWITCHBOARD ir/flMG AND OPERATIOX 



r 

H Below the center of the generator panel is a small switch 

■ by means of which the exciter current is led to the field of 

the alternator, and also a large switch in the main leads of the 

alternator. The handle of the exciter rheostat, which latter ia 

mounted on the rear of the panel, projects through the front 

I of the board. The ground detector lamps form a continu- 

i ously indicating detector, one lamp being connected between 

\ each wire and ground; a 110-volt lamp is used on a 110-volt 




One 



circuit, a 220-volt lamp on a 220-eircuit and two 220-volt 
lamps in series on a 440- volt circuit. 

It will be noted that the diagram of connections in Fig. 293 
is given as the wiring appears when viewed from the rear 
of the board, and shows the wiring for but one feeder cir- 
cuit. The second feeder circuit is, of course, wired in the 
aame way, and provision is made for synchronizing by lamps 

iin case it is desired to add another generator panel and alter- 
nator in parallel with the one shown. 
765. What is the usual form of equipment and wiring 
on a three-phase switchboard for high-voltage service? 
On boards of this type the main switching devices are 
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mounted apart from the panels and electrically operated from 
apparatus on the panels. On the board illustrated in Fig. 
294, drum type control switches with signal lamps are 
mounted on the panels at r, 5, m and n for this purpose. This 
switchboard comprises five panels, of which A is the exciter 
panel for two eompound-wound exciters ; B and C, generator 




Fig. 293. — Diagram of Connections for Switchboard in Fig. 292. 

panels for two three-phase generators, and D and E, feeder 
panels for two three-phase circuits. 

Keference to the diagram of connections in Pig. 295 will 
show how the apparatus is connected, the switchboard wiring 
as viewed from the rear of the board being shown above and 
the station wiring below. The voltmeters and synchroscope 
are mounted on swinging brackets attached to the panel A, 
Fig. 294, and are wired to plug switches on the generator 
panels B and C. Either one araraeter per circuit with 
plug switch in each lead may be used, or one ammeter per 
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^m lead. Recording meters, if used, should be mounted on a 
^K separate panel. The field rheostats, also, are mounted apart 
^H from the panels, but are operated by handwheels on the board 
^1 either by ehain and steel eord transmission or electrically. 
^1 For 2000 volts or more, ground detectors as described in An- 
K Bwer 610 and usually mounted near the bus-bars, are recom- 
H mended, but for lower voltages incandescent lamp ground 
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Fig. 294.— Tliroe-Phase Switchboard for Higli-VolUee Service: 
Exciter PbrpI, Two Generator Panels and Two Feeder Panels. 

electors connected in circuit direct or throngh potent! 
ransformers, depending upon the voltage, will be four 

atisfactory. 

766. Is there any way of compensating for the drop 
raltage on an alternating-current circuit? 

Yes, this can be done by using a transformer " booster 
onnected as shown diagrammatical ly in Fig. 296. The hig 
ensiou winding h is connected across the mains near t 
fenerator a, and the low-tension winding m is connected 
leries with one of the line wires, c e. The conneetiona a 
nade so that the direction of current flow at any instant 
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the same in the secondary winding of the transformer as in 
the line wire. This is indicated by the arrows in the diagram. 

767. How does the arrangement in Fig. 296 compensate 
for the drop in voltage? 
The voltage induced in the secondary winding of the 




transformer is added to that of the generator. For example, 
suppose the generator to be giving 2300 volts at its terminals 
and the drop in the line to be 115 volts. If a transformer 
having a ratio of 20 to 1 be connected as shown in the dia- 
gram, its secondary voltage will be 115 volts, and this will 
be added to the voltage of the generator. Consequently, 
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while the voltage from b across to c will remain 2300, the 
difference of potential between d and e will be 2300 + 115 = 
2415 volts. This will make up the drop of 115 volts in the 
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Fig. 296. — Diagram of Connections for a Transformer Voltage Booster. 

line and raise the voltage at the far end to equal the gen- 
erator voltage of 2300. 

768. Can a transformer booster be used on two-phase 
circuits? 

Yes; Fig. 297 is a diagram of booster connections for a 
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Fig. 297. — Connections of Transformer Boosters on a Two-Phase Circuit. 

two-phase circuit. It is merely a duplication of the arrange- 
ment shown in Fig. 296, the two-phase circuit being the exact 
equivalent of two single-phase circuits. 

769. Are there any disadvantages to this method of com- 
pensating for the voltage drop in a line? 

The chief disadvantage is that the boosting transformer 
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raises the voltage by practically the same amount at all loads. 
Consequently the voltage at the end of the line is liable 
to be too high at small loads. This can be corrected, however, 
by making the transformer adjustable as to ratio; the sec- 
ondary winding can be divided into a large number of sec- 
tions and the terminals carried out to a switch by means of 
which more or less of the winding can be put in circuit, 
thereby varying the added voltage. 

Another disadvantage is the size and cost of the trans- 
former or transformers. They must have a power capacity 
equal to that of the alternator divided by its smallest ratio 
of transformation. Thus, if the alternator is a 5000-kilowatt 
machine and the transformer ratio is 10 jto 1, minimum, the 
transformers must aggregate 500 kilowatts capacity. 

770. Is there any specially designed apparatus on the 
market for automatic voltage regulation on alternating- 
current circuits? 

Yes ; a form of automatic voltage regulator for switchboard 
use is shown in place on a switchboard panel in Fig. 298. In 
the front and rear views of the panel there shown the regu- 
lator mechanism is enclosed in a glass case at a, and the rheo- 
stat with which the regulator mechanism is connected may be 
seen at c. 

The desired voltage is maintained by rapidly opening and 
closing a shunt circuit across the exciter field rheostat. The 
rheostat is first turned in until the exciter voltage is greatly 
reduced and the regulator circuit is then closed. This short- 
circuits the rheostat through contacts in the regulator, and 
the voltage of the exciter and alternator immediately rise. 
At a predetermined point the regulator contacts are auto- 
matically opened and the field current of the exciter must 
again pass through the rheostat. The resulting reduction 
in voltage is arrested at once by the closing of the regulator 
contacts which continue to vibrate in this manner and keep 
the alternator voltage within the desired limits. 

From no load to full load the maximum travel of the 
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only moving parts of the regulator — the vibrating contacts — 
is but 1/32 inch. One automatic voltage regulator may con- 
trol the voltage of a system operating two or more alter- 
nators in parallel by a suitable arrangement of equalizing 
rheostats. In Pig. 298 the rheostat c is in the field circuit of 
the alternator. 




771. How is a switchboard wired for two single-phase • 
alternators to be operated in parallel? 

Fig. 299 shows the principal eonncctiona of the switch- 
board apparatus for operating two single-phase alternatora, 
a and b, in parallel. At c is a synchronizing transformer, 
and at d and e are the lamps used in connection with a, the 
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principle of which has already been explained in Answer 407. 
The primary windings of the synchronizing transformer are 
connected in opposition to each other so that the synchroniz- 
ing lamps, d ancj e, will be dark when the machines are in 
step. Until this condition has been brought about, one of 
the main switches, / and g, — that in connection with the in- 
coming machine, — must be left open. It is always well when 
the connections are made as in Fig. 299 to have an extra lamp 




Fig. 209. — Switchboard Wiring for Two Single-Phase Alternators 
operated in Parallel. 

connected in parallel with each synchronizing lamp; then 
if one lamp be burned out, the other will still indicate whether 
or not the alternators are in step. Though not absolutely 
necessary, it is preferable to have a voltmeter for each ma- 
chine, especially if the alternators are to be thrown together 
while one is carrying a varying load. 

772. How should a switchboard be wired for operating 
two pol3rphase alternators in parallel? 

Pig. 300 is a diagram of the principal switchboard connec- 
tions for operating two two-phase alternators m and n in 
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parallel. Since there is always a fixed relation between two 
or more phases developed by the game machine, it is not 
necessary to employ more than one synchronizer when throw- 
ing polyphase machines in parallel. One of the primary 
windings of the synchronizing transformer c is connected 
across the bus-bars d and e, and the other primary winding is 
wired to the corresponding phase of the incoming alternator 
m. A voltmeter for each machine is sufficient, but the connec- 




tions should be such that when the two machines are running 
in multiple there will be one voltmeter on either phase; and 
that when only one machine is in operation it will be pos- 
sible to use either voltmeter in connection with that one ma- 
chine. It is also best to connect the transformers that feed 
the pilot lamps and voltmeters between the switches and the 
alternators so that there will be light and a proper indica- 
tion of voltage before the switches are closed. 

773- Is the synchronizing transformer connected per- 
manently to the one alternator? 
No; in practice the primary transformer winding on the 
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left in Fig. 300 is connected to plug switches, by means of 
which it may be connected to any one of all the generators 
that are intended to operate on the bus-bars d, e, f. A switch 
is also provided for connecting the other primary winding 
to the bus-bars for synchronizing, and disconnecting it when 
not synchronizing. This winding, however, is not intended 
to be connected to anything but the bus-bars d and e. 

774. What general considerations govern the arrange- 
ment of bus-bars and switches on an alternating-current 
switchboard? 

When more than one set of bus-bars are installed, it is well 
to provide each out-going work circuit with switches by means 
of which it may be connected to more than one set of bus-bars ; 
it is likewise important to be able to connect any machine to 
any set of bus-bars. The cable plug-board, Fig. 227, is a 
most flexible arrangement for this purpose. The circuits 
should be grouped together in such a manner that those 
requiring the same potential are connected to one pair of 
bus-bars. If some of the circuits require a higher voltage 
than the others, they should be kept apart and confined to one 
machine. Arrangements should be made so that the con- 
trolling switches, etc., in the main circuit need be handled 
as little as possible. 



STATION WIRING 

775. What wiring is included under the head of station 
wiring? 

The wiring between the generators and the switchboard, and 
the wiring for the station lights. 

776. How may the conductors running between the gen- 
erators and the switchboard be supported? 

One method consists in fastening them overhead to hori- 
zontal beams put in at intervals for that purpose. This 
arrangement is similar to that for outside line work where 
only moderate care is needed. It is merely necessary to 
support the wires on good insulators and to maintain a suffi- 
cient distance between them and the supporting surface, which 
distance varies with the voltage. Up to 300 volts, the dis- 
tance from the supporting surface should be ^ inch, and 
between wires 2^ inches; for 300 to 550 volts, 1 inch from 
the supporting surface and 4 inches between wires. The prin- 
cipal objection to this method of wiring is, usually, more or 
less vibration, which has a tendency to shake the wires loose. 
This will cause them to stretch and the ties to give more or 
less, until in time all of the wires appear as if they had been 
carelessly put up. 

Another method of supporting the conductors consists in 
running them along the walls and ceiling of the station. By 
doing neat work, spacing the insulators equally, avoiding 
kinks in straight runs, and making all curves gracefully, the 
installation may by this method be made to present a good 
appearance. One objection is that the wires usually have 
to be much longer to reach between the generators and the 

switchboard than would otherwise be the case. 

471 
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777- Are lead-covered cables used in this work? 

Tliey are used iu damp locations to protect the insulation 
of the conductors from moisture, and where the cable is 
exposed to mechanical injury to protect it from harm. In 
such cases the cables are usually supported along the walls by j 




iron frames or racks, as shown at « s, n, c, etc., in Fig. 301, 
where the cables may be seen at d, d, etc. The racks are 
securely bolted to the wall and should be of sufficient strength 
to safely support the weight of the cables. They may be made 
of any length, and can be so constructed that three or four 
rows of cables may be placed on top of each other. It is 
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important that the racks be spaced sufficiently close to pre- 
vent the cables from sagging. It is also necessary that the 
bends formed in rounding corners be not made too short. 

778. Is there any objection to having the conductors run 
through the station? 

Yes; wiring in a station is likely to be in the way of a 
traveling crane, if there is one, and it invariably presents 
obstacles when repairs or changes are to be made in the plant. 

779. How may these objections be overcome? 

By placing the conductors under the floor ; there they are 
usually out of the way of everything, and are not apt to be 
interfered with. 

780. How are the conductors arranged when put be- 
neath the floor? 

When the building is of wood and there is space between 
the floor and the ground, ordinary cross-arms and insulators 
may be fastened under the floor and the wires supported on 
them. When there is no such open space, a special passage 
or subway under the floor may be constructed of brick or 
concrete; this insures protection from fire, and prevents the 
wires from being injured by water or other destructive 
agencies. When such a subway is to be used, it is best to 
have it included in the building contract and specifications, 
for that will insure better construction at less expense. 

781. How should a subway for station wiring be built? 

A simple and serviceable subway for this purpose is illus- 
trated in Fig. 302. The distance between the walls n and n 
should not be less than 33 inches, but the depth may vary 
according to conditions. In the case shown, the depth is 
about 6 feet. When there are only a few conductors less 
space is required, and when there is a possibility of moisture 
accumulating there should be ample space between the wires 
and the floor h. The top may be floored or bricked over ; man- 
hole covers, as shown at m, should be provided at intervals. 
It is preferable, however, to have the cover made so that any 
part, or all of it, may readily be removed. 
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782. How are the subway supports for the wires con- 
structed and arranged' 

The supports b. Fig 302, are made of wood, about 3 inches 
square. They should ho well eoated with an infjulating and 




fireproof paint. The distance between the supports depends 
upon the number and the size of wires to be installed. 

783. How are the insulators attached? 

The kind of insulators used determines the manner of 
mounting them. In the ease illustrated, the wires are attached 
to ordinary porcelain insulators such as are eommonly em- 
ployed for direet-current work, and these are screwed to the 
uprights. The insulators should hold the wires firmly so that 
they cannot slide in either direction. 

784. How should the wires be installed? 

In placing the conductors in position, the reel containing 
the wire should be taken to either end of the run, for instance, 
the switchboard end ; the wire may then be drawn through and 
fastened to the generator terminals. After having been 
properly tied to the first insulator at the generator end of 
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the subway, the wire should be drawn taiit all along, antl 
securely fastened to eac-b insulator in suceession, working 
toward the switchboard end of the run. 

785. How are the conductors brought up for connection 
to the switchboard or the generators? 

Through holes in the floor, as shown in Pig. 303. To pro- 
tect the conductors from injury, water, etc., at the floor level, 
they are generally led up through (he floor in iron pipes, as 
shown at b, d, etc., in the illustration. 
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786. Where is it customary to place the station light- 
ning arresters? 

It is quite common practice to place them on the walls of 
the station near the point where the wires enter, — one arrester 
to each overhead circuit connected to the station. When a 
small number of arresters are used, they should all be placed 
inside the station, but with a large number they may be 
placed both inside and outside. In the latter case they must 
not, in any way, be exposed to moisture, hut should be prop- 
erly enclosed in an iron casing. 
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787. What Other precautions are necessary in connection 
with the installation and wiring of the lightning arresters? 

They must not be near combustible materials. Kinks, coils 
and sharp bends in the wires between the arresters and the 
outside lines must be avoided as far as possible. A good 
permanent ground connection is absolutely necessary, and 
the arrester should be connected to it by a straight wire or 
conductor as explained in Answers 709 and 710. 
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